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HILGARDIA 


EXPLANATORY NOTE 

With the completion of number twenty of the Technical 
Papers of this institution, the publication of which was com- 
menced in January, 1923, this title has been abandoned and in 
the future the general type of articles formerly issued in the 
Technical Papers will be published under the title Hilgaedia.. 
The numbers will be paged consecutively and as a volume of 
reasonable length is completed, a title page, table of contents, 
and general index will be prepared for each volume. 

The chief reason for this change is the cumbersome title 
of the technical series, it being necessary to quote in full or by 
abbreviation of the major words the full title, which originally 
was: “University of California Publications. The Agricul- 
tural Experiment Station of the College of Agriculture, 
Technical Paper No. — .” Due to policies adopted by the 
University Press it became necessary to change this title and 
the last few numbers were issued under the equally cumber- 
some title: “University of California, College of Agricul- 
ture, Agricultural Experiment Station, Berkeley, California, 
Technical Paper No. — The advantages of a title consisting 
of a single word are manifest. 

The title Hilgaedia has been selected to commemorate the 
services of Doctor Eugene Woldemar Hilgard (1833-1916), 
who organized the Agricultural Department of the University 
of California, and who founded the Agricultural Experiment 
Station in 1875. 

President Benjamin Ide Wheeler at the Memorial Services 
held in honor of Doctor Hilgard, January 30, 1916, stated 
regarding his services :* 

“Eugene Woldemar Hilgard has kept the faith. He has 
lived among his fellow men in active respect for the principles 
of order and authority. He has built his life into one of the 
most institutional forms of human society. He has been a 

* Addresses at memorial services in honor of Br. E. W* Hilgard, University 
of Calif omia, January SO, 1916. TJniv. Calif. Chronicle IS: 159-190. 1916. 

Eeprinted by the TJtiiversity of California, Agricultural Experiment Station, 
under the title; In Hemoriam, Eugene Woldemar Hilgard, 1-59. 1916» 



gentleman. He has been true to the best methods and stand- 
ards of the science in whose fields he has toiled. He has been 
loyal to the best traditions and standards of academic life.” 

Doctor E. W. Allen,* Chief of the Office of Experiment 
Stations, United States Department of Agriculture, in speak- 
ing of Doctor HUgard’s work states: 

“The death of Dr. B. W. Hilgard, of California, closes a 
notable career of service to agriculture, both in length and in 
accomplishment. It marks the passing of the last of the 
earlier group of pioneers in agricultural education and re- 
search. The work he did dealt with the very fundamentals 
of agricultural advancement, at a period when men saw the 
needs less clearly and few were qualified to carry the work 
forward. Gauged by the time and opportunity, it wOl remain 
a great woi-k. Who shall attempt to measure the result of it, 
or the influence of the high standards he set?” 

It seems fitting and appropriate that the name Hilgabdia 
should be selected as a title of a serial pubhcation of the Cali- 
fornia Agricultural Experiment Station in which is to be 
presented the results obtained by members of the staff from 
painstaking fundamental research on problems related to 
agriculture. This was the type of agricultural research for 
which Doctor Hilgard stood. Prominent biologists and 
patrons of science have had scientific periodicals named in 
their honor in such title as Addisonia, Bonplandia, Eroteria, 
CandoUea, Cassinia, Greviilea, Linnaea, Hedwigia, Malpighia, 
Muhlenbergia, Teysmannia, Torreya, Treubia, and Webbia. 
No valid reason exists why such an honor should not be ex- 
tended to an agriculturist noted for his fundamental work, 
although the selection of such a title is an innovation in 
Agricultural Experiment Station literature. It is hoped that 
the articles that will appear in Hilgabdia, which will be of the 
same general type as those formerly issued in the series 
known as Technical Papers, will measure up to the high 
standards Doctor Hilgard set. 

E. D. Meerill, 

Dean, College of Agriculture, and 
Bireetor of tlie Agricultural Experimeut Station, 
April 1, 1925. Berkeley, California. 

* Editorial in Experiment Station Eeeord 34:301, l9l6. In Memorial, 

Eugene Woldemar Hilgard, 35. 1910, 
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FRUIT-BUD DIFFERENTIATION IN 
DECIDUOUS FRUITS 

BY 

WARREN P. TUFTS and E. B. MORROW 


Fruit-bud formation, upon which fruit production is dependent, 
is undoubtedly influenced by such orchard practices as pruning, irri- 
gation, and cultivation. For a successful study of the influence of 
these various practices upon fruit-bud formation, therefore, an inti- 
mate knowledge of the time of differentiation must be available. This 
paper is the report of studies which have been made under different 
California conditions over a period of nine years. 

Time of Fruit-Bud Differentiation 

It had been known in a general way that the flowers producing 
fruit in any year were formed some time during the preceding growing 
season, but it remained for Goff® to recognize definitely the initial 
stages of flower-bud formation in deciduous orchard fruits. He deter- 
mined by morphological studies the time when differentiation into 
flower-buds first occurs and traced the successive stages of development 
until the unfolding of the blossoms in the spring. 

Differences amounting to several days or weeks have been found to 
occur in the date of the initiation of fruit-bud formation with regard 
to both climatic influences, and to varieties and types of fruit. 

Goff,® in a comparison of apple varieties, found a variation of as 
much as five weeks in the time of flower-bud formation. 

Kramer^® worked with several varieties each of the apple, pear, and 
cherry and found marked varietal differences, especially in the apple 
and pear. Little or no variation occurred in the cherry varieti^ 
studied. Kramer's work was conducted at Oppenheim, Qetmany. 
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Bradford/ working in Oregon, found that some varieties differed 
both in the date of differentiation and in subsequent stages of summer 
and fall development. Rather wide differences, depending upon the 
position of buds on the tree, were found to occur in the time of fruit- 
bud inception. In the Yellow Newtown, buds borne on spurs that had 
previously fruited, differentiated fully a month ahead of those borne 
terminally on one-year wood. 

Magness^^ found that the initial stages in axillary buds of the apple 
occurred about one month later than in spur-buds on the same tree. 
He concluded that the difference between spur-buds and axillary buds 
seemed to be in degree of development and not in method. 

Walker/® working under the direction of the senior author of this 
paper, found that, in 1915, apricot spur-buds differentiated about 
twenty to twenty-four days earlier than buds on shoots which were 
largely vegetative in character. During the summer of 1916, however, 
the difference in the time of differentiation was only from six to eight 
days. 

Wiggans,^® working also in California, determined the time of 
differentiation of the Bartlett pear and Royal apricot fruit-buds under 
the influence of three different sets of conditions, as follows : 


1. Regional differences — a comparison of : 

a. Coastal valleys — mild equable climate; average rainfall, 
thirty inches; elevation, a little above sea level, 
h. Interior valleys — hot dry summers of low humidity; some- 
what colder in winter than coastal valleys ; average rainfall, 
about sixteen inches ; elevation, a little above sea level, 
c. Foothills — mild climate ; summer temperature about the same 
as coastal valleys ; winter temperature somewhat colder than 
interior valleys; rainfall, about forty inches; elevation, 3000 
feet. 

2. Heavy va light pruning. 

3. Irrigation vs, no irrigation. 


results are presented in "a g^raphic way in plates 1 and 2 ; 
the one season work were as follows : 

b^in to differentiate at approximately the 
inferior vafley, and fcK)thiU condi^^^ 
m fo d^e^^tiate at approerimately the 
int^pr ebnditions. 
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'‘3. The high altitude of the foothills seems to have a retarding 
influence on fruit-hud development until the middle of September, 
when development becomes quite rapid. 

^'4. The humid coastal influence apparently stimulates rapid 
development of pear buds after differentiation. This is not the case 
with apricots until October, when development becomes extremely 
rapid and the buds go into the winter at a more advanced stage than 
is found under either interior valley or foothill conditions. 

^'5. The dry hot interior valley appears to induce a steady, 
uniform development of both pear and apricot fruit-buds; however, 
these have not reached the advanced stage of development by early 
winter that buds from the coastal valley and foothills have attained. 

'^6. The inception of fruit-bud differentiation seemingly is not 
influenced to any extent by either heavy or light dormant pruning. 
Light pruning perhaps tends to induce a slightly more rapid develop- 
ment for six to eight weeks after fruit-bud differentiation of the pear. 

^ ^ 7. Irrigation shows a tendency to retard fruit-bud differentiation 
and development. 

‘^8. Environmental conditions during the winter, as found in the 
principal fruit growing districts of California, apparently do not 
exert a cheeking influence upon fruit-bud development of the pear 
and apricot.’’ 

Plates 1 and 2 present the above facts in graphic form. 


Methods Usia> m this Investigation 


Collection and Preservation of Material . — For the sake of brevity, 
no attempt is made at this time to describe the collection of materials 
which was made each season from 1915 to 1923, inclusive, except to 
say that with minor variations, these collections were identical with 
those which are here recorded for the 1923 season. 

During 1923, all the material studied was collected on the Drdver- 
sity Farm at Davis, California. Probably various fit 

climate, and cultural treatments bring about minor 
time of differentiation; however, tte work done 1 
& 0 W that, 'at for Oalifdr!^^ and lot 
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Material for study was secured at intervals of approximately ten 
days from May 18, up to the middle of August, 1923. Prom then 
until early November, collections were made every two weeks and 
subsequently at somewhat wider intervals until December 22. Collec- 
tions were made from the following fruits and varieties : 


Fruit 

Almond 

Apple 

Cherry (sour) 
Cherry (sweet) 
Peach 
Pear 

Plum (European) 
Plum (Japanese) 


Species 

Prwnus amygdalus 
Pyrus malus 
Prumis cerasus 
Priimts avium 
Prunus persica 
Pyrus communis 
Prunus domestica 
Prunus salicina x 
Prunus simonii 


Variety 

Nonpareil 

Gravenstein 

Early Richmond 

Napoleon (Royal Ann) 

Elberta 

Bartlett 

French (prune) 
Wickson 


Only spur-buds were collected from the almond, apple, apricot, 
cherry, pear, and plum, while from the peach, buds were collected 
from the current season ^s shoots only. At each collection approxi- 
mately forty buds, well distributed throughout the tree, were taken 
and immediately put into the formalin-alcohol killing and fixing 
solution* in which they were preserved until sectioning could be 
accomplished. 

'^eoHoning . — ^With the apricot, cherry, plum, and peach, the 
paraffin method of embedding as outlined by Chamberlain^ was found 
msonably satisfactory as a means of preparing the buds for section- 
iilg. ■ With the apple and pear, however, the paraffin method proved 
um^tisfactory because of the extremely hairy nature of the material. 
Even with the careful trimming off of the bud scales or other woody 
portions and the removal of a large number of hairs under the dis- 
secting microscope, infiltration was difficult and the sections broke on 
the microtome blade. 


Much time was spent in an^effort to find a satisfactory method of 
this refractory materiaL Chloroform was tried as a clear- 
£ hut buds cleared in chloroform sectioned little better than 
^ 'xylol. Buds wefe also soaked in hydrofluoric acid 
two weeks before being embedded in 

Ml, ^ per eeuk.,..-:,..,., 94 cc. 

40 per wt 6 co. 
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A considerable amount of effort was spent in trying to adapt a 
combination of the paraffin and eelloidin methods to the material in 
hand. The first method tried was that reported by Kornhauser,® but 
the infiltration process is long, and the results secured in sectioning 
were not satisfactory. An attempt was made to shorten the eelloidin 
infiltration by using Gilson’s® “Kapid Process” method, but few 
successful sections were thus obtained. An abridgment of the Korn- 
hauser method by de Zeeuw® of Michigan gave reasonably satisfactory 
results. By this method the material was infiltrated in medium 
eelloidin and then dropped directly into chloroform. In preparation 
for the paraffin infiltration and embedding, Apathay’s oil mixture 
was omitted and chloroform was substituted for benzol. 

De Zeeuw’s method is short and convenient to use, and offers many 
of the advantages of the eelloidin and paraffin methods with few of 
the disadvantages of either. He reports that with ordinary fixatives 
the sections sometimes wash off the slides when the eelloidin is 
removed j he recommends, therefore, Szomobathy’s gelatin fixative 
wherever this difficulty is experienced. However, in the present 
investigation, no trouble of this kind arose while using an albumen- 
glycerine fixative, when the paraflhi was dissolved in xylol and the 
eelloidin in ethyl alcohol. 

Staining . — ^A combination stain of safranin and Delafield's haemo- 
toxylin gave the most satisfactory results. The sections were over- 
stained in safranin and de-stained in acid alcohol; then over-stained 
in haemotoxylin and reduced by placing in water to which had been 
added a few drops of concentrated hydrochloric acid. 


Presentation op Eesuets 

Goff® considered that slight irregularities in the growing point dr 
crown of the bud were the fibrst evidences that differentiation had 
taken place. He found that in the individual flower-bud, the calyx 
was first to be formed, and concluded that '"in the normal ord^- of 
development the corolla originates next after the calyx, and is bel- 
lowed in turn by the stamens and pistil.’! 

Drinkard^ also considered that corrugations m 
bud were the first morpholo^eal evidences that a 
flower-buds had taken place. . , _ 
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Kraiis/^ in a study of the gross morphology of the apple, has the 
following to say with regard to the first indications of a change into 
a flower-bud : ^ ' From a study of many sections and dissections, it is 
found that the first observable indication of the flower is the more or 
less thickening of the axis. Minute bracts, in the axils of which are 
formed blunt protuberances, arise from it in a very close spiral. The 
tip of the axis never loses its identity, but on the contrary enlarges 
considerably and always develops slightly in advance of the pro- 
tuberances immediately below" it. Later, these protuberances develop 
into definite individual flow^ers.’^ 

Bradford,^ in waiting of the apple, says that ' ‘ the first evidence of 
fruit-bud formation lies in the rapid elevation of the crown into a 
narrow conical form, rounded at the apex, with the fibro-vascular 
connections and pith areas advancing concurrently. In the axils of 
the young leaves, already noted in connection with the differentiated 
bud, appear other protuberances which soon become blunt at the tip, 
while at the same time other leaf protuberances appear in their axils. 
The apical protuberance is differentiated last, but when it does take 
shape it is already larger than those previously laid down, apparently 
appropriating a larger mass of tissue in its formation.’’ 

In this investigation the authors have considered the definite 
broadening and thickening of the floral axis as evidence of the first 
differentiation of the floral parts. The formation of slight proturber- 
anees which eventually become calyx, corolla, stamens, and pistil 
follows almost immediately, varying somewhat in detail, of course, 
with the different species. The detailed comments on the specific 
fruits apply particularly to the 1923 season unless otherwise men- 
tioned. 

Almond . — The Nonpareil almond showed no signs of differentia- 
tion until September 1 (pi. 3, fig. 3). Several buds from this col- 
lection showed elongated crowns, flattened on top, indicating that 
differentiation had already occurred. In the case of buds from the 
collection made on September 15 the crown had thickened consider- 
ably, and the sepal primordia had begun to push up from the sides. 
Salinger,^® working in California during the 1915 season, found that 
differentiation had occurred in the I.X.L. variety of almond on 
August 18. 
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Apple . — In the Gravenstein apple some of the buds from the col- 
lection made on June 11 had already begun to develop into flower- 
buds (pL 4, fig. 1). By June 20, the apical flower had enlarged con- 
siderably and was showing prominent sepal primordia, and the 
adjacent flowers were clearly visible. Growth was rapid during the 
next few days and the petal primordia had appeared on July 11. 
Buds collected on August 17 showed stamen primordia, and by 
October 13 the early stages of pistil formation were plainly visible. 
Later growth was apparently somewhat slower, few changes occurring 
from November 10 to December 22. 

Apricot . — The Eoyal apricot showed first signs of differentiation 
on August 10 (pi. 5, fig. 1). At this time the axis of the crown was 
considerably thickened, and the sepal primordia were beginning to 
arise from the sides. Walker’^ observed the initial stage on August 4, 
1915, and August 10, 1916, and Wiggans^^' on August 10, 1922. The 
gradual development of the flower-bud is shown (pi. 5, figs. 2-8). 

Cherry . — The first collection of Early Richmond cherry {Prunus 
eerasus) was made on July 12. At this time the earlier stages of the 
individual flower-buds had appeared in the form of prominent pro- 
tuberances (pi, 6, fig. 1). By August 10, both sepal and petal 
primordia were plainly visible, and buds from the collection of Sep- 
tember 1 showed the earlier stages of stamen and pistil formation. 
All flower parts had very nearly assumed their final form by Sep- 
tember 29, and the ovarian cavity had appeared on October 13. 
Growth was relatively slow from early November until December 22. 

In the Napoleon (Royal Ann) cherry (Prumis avium), the first 
clear evidences of differentiation appeared on July 3 (pi. 7, fig. 1). 
By July 30 the sepal protuberances were beginning to push up from 
the sides of the buds, and on August 17 both petal and stamen 
primordia had appeared, and the pistil was beginning to grow from 
the base of the flower-cup. All flower parts had assumed their final 
form by late September, little development occurring from this time 
until late in the dormant season. 

Peach . — In the Elberta peach, differentiation had taken place by 
July 30 (pL 8, fig. 2) . On August 10 the sepal primordia were begin- 
ning to appear and by August 17 the earlier stages of petal formation 
were clearly visible. 
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Pear (pi. 9). — In collections from the Bartlett pear made on June 
21, some of the buds showed the earlier stages of fruit-bud formation. 
By July 3 the axial flower-buds had appeared. Growth was gradual 
from this time until the latter part of November ; few gross changes 
took place from November 30 until early spring. The results here 
reported complete three seasons observations in California of fruit- 
buds of the Bartlett pear. In 1915 Henderson® found first evidences 
of differentiation on July 3, and Wiggans^^ working during the 1922 
season, found that differentiation had occurred on July 4. Although 
some of the buds from the collection of June 21, 1923, showed evi- 
dences of flower-bud formation, it is quite probable that the per- 
centage of buds differentiated at this time is very small, and fruit- 
bud differentiation in the Bartlett pear under California conditions 
may be said to begin during early July. 

Plum (pi. 10). — Buds from the French prune {Prunus domesiica) 
collected on August 10 showed no signs of differentiation, but those 
collected on Augmst 17 showed individual flower-buds. Generally 
speaking, the stages of growth were somewhat variable on the same 
date. This may be partly accounted for by the fact that the tree from 
which the buds w^ere collected was practically defoliated in August 
by a severe infestation of red spider. It is of interest to note that 
HartwelB found the first observable stages of differentiation in the 
French prune to occur six weeks earlier during 1920 than was the ease 
in 1923. 

Bud specimens taken on August 10 (pL 11, fig. 1) from the Wick- 
son plum {Prunus salicAna x Prunus smionii), showed the bud scales 
still arising from the sides of the crown ; no evidences of differentia- 
tion were found. By September 1 the individual flower-buds had 
appeared and the sepal primordia were pushing up from the sides of 
the bud. In the collection of October 13, the earlier stages of petal, 
stamen, and pistil formation \vere visible, and by December 22 all 
flower parts had assumed final form. Trunl^^^ found that the Wickson 
plum showed first evidences of differentiation on July 31 during the 
1915 season. 

Table 1 gives in condensed form the findings of various investi- 
gators, including those reported here, as to initiation of fiower-bud 
formation in deciduous fruits. 



May, 1925] 


Tuffs-Morrotv : Fruit-hinl J) if event iation 


9 


TABLE 1 


Fruit 

Variety 

Differentiation first noted 

Locality 

Investigator 

Almond 

I X. L 

August 18, 1915 

California 

Sabnger 


Nonpareil . 

September 9, 1923 . 

Cab forma 

Tufts and Morrow 

Apple 

Hoadley .. 

June 30, 1899 

Wisconsin 

Goff 


Oldenburg 

June 30, 1909 

Virginia 

Drinkard 


Yellow Newtown 

Early July, 1912 , . 

Oregon. . 

Bradford 


Gravenstem . 

June 11, 1923 

Cabfornia 

Tufts and Morrow 

Apricot . . . 

Royal . . 

August 4, 1915 

Cabfornia 

Walker 


Royal ... ... 

August 10, 1916 

California 

Walker 


Royal 

August 11, 1922 

Cabfornia 

Wiggans 


Royal . ... 

August 10, 1923 

Cabfornia . . 

Tufts and Morrow 

Blackberry 

Snyder .... 

Late August, 1915 

New York. , 

MacDaniels 

Cherry 

King’s Amarelle .. 

July 11, 1899 

Wisconsin . 

Goff 


King’s Amarelle . . 

July 5, 1900 „ 

W’lsconsin 

Goff 


Louis Philhppe, 

July 1, 1909 „ 

Virgima .. 

Drmkard 


(No variety named) 

Before end of July, 1922 

Germany 

Kramer 


Early Richmond 

July 12, 1923 . 

California, 

Tufts and Morrow 


Napoleon (Royal Ann) 

July 3, 1923 

California 

Tufts and Morrow 

Cranberry . . . 

(No variety named) .. 

Septembe* 16, 1900 

Wisconsin . 

Goff 

Currant .... 

Pomona 

July 8, 1900 . 

Wisconsin . 

Goff 


Black Victoria . 

August 3, 1900 „ 

Wisconsin 

Goff 

Filbert 

Cherry Red . , 

(No vanety named) .. 

Early August, 1915 . 

Catkins— June 10, 1894 
Pistillate flowers— 
Early September . . 

New York . 

Germany 

MacDaniels 

Albert 

Crooseberry 

! Downing 

August 30, 1900 

Wisconsin , .. 

Goff 


Houghton 

Early August, 1915 . .. 

New York 

MacDaniels 

Grape 

(No variety named) 

Mid-June, 1898 : 

Germany. . „ 

Behrens 

Peach, ... 

Bokhara 

September 21, 1900 . . 

Wisconsin . 

Goff 


Luster . . 

July 7, 1909 

Virginia. ... 

Drinkard 


Deming’s September,. 

June 14, 1900 .... 

Georgia , .. 

Quaintance 


Elberta 

June 30, 1923 . . 

California 

Tufts and Morrow 

Pear 

Wilder Early 

July 21, 1899 

Wisconsin 

Goff 


Wilder Early . . , 

September 6, 1900 . . 

Wisconsin .. 

Goff 


Kieffer 

July 15, 1909 

Virginia . 

Drinkard 


Bartlett 

July 3, 1915 

Cabfornia 

Henderson 


Bartlett 

July 4, 1922 

Cabfornia . . 

Wiggans 


Bartlett 

June 21, 1923 

Cabfornia . . 

Tufts and Morrow 

Plum 

RoHingstone 

July 8, 1899 

Wisconsin . 

Goff 


RoUingstone 

July 5, 1900 

Wisconsin .... 

Goff 


Whitaker (Wild (joose). 

September 1, 1909 

Virginia 

Drinkard 


Japanese . 

July 14, 1909 . . 

Virginia . , ..... 

Drinkard 


Wickson . . .. 

July 31, 1916 

Cabfornia ... 

Trunk 


Wickson » 

Mid-August, 1923 .... 

California .. 

Tufts and Morrow 

’ Prune 

French ... 

June 29, 1920 

Califoraia . 

Hartwell 


French 

Mid-August, 1923. , 

Cabfornia . . 

Tufts and Morrow 

Raspberry 

Cumberland (Black).. 

October 6, 1915 

New York. ... 

MacLJanielB 


Herbert (Red) 

January 11, 1916. 

New York,«. 

MacDaniels 

Strawberry 

Clyde 

September 20, 1900 . 

Wisoonsin.... 

Goff 
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Summary 

A study has been made, using approved laboratory methods, of the 
date of fruit-bud differentiation in some of the principal fruits of 
temperate climates produced in California. The approximate dates 
of differentiation are briefly summarized in the following table : 

TAULE 2 


Fruit 

Variety 

Date of Differentiation 

Almond . , , 

Nonpareil . 

Late August— Early September 

Apple. . . 

Gravenstein . .... 

Mid- June 

Apricot 

Royal 

Early August 

Cherry (Soiir) . . . . 

Early Richmond 

Early July 

Cherry (Sweet) 

Napoleon (Royal Ann) 

Late June— Early July 

Peach . . . 

Elberta 

Late July 

Pear .. . 

Bartlett. ... 

Late June— Early July 

Plum (European) 

French » . . . ... 

Late July— Early August 

Plum (Japanese) 

Wickson. 

Late July— Early August 


The following conclusion seems justified : 

The date of differentiation may vary somewhat in widely separated 
regions within any one species, although it seems that under most con- 
ditions in California little variation occurs. 
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EXPLANATION OF THE PLATES 

PLATE 1 

Outline drawings of longitudinal sections through Bartlett pear fruit-buds 
showing the average stages of development at different dates under various 
climatic environments, soil moistures, and pruning treatments. (From thesis by 
Wiggans.) 

PLATE 2 

Outline drawings of longitudinal sections through Royal apricot fruit-buds 
showing the average stages of development at different dates, under various 
climatic environments, soil moistures, and pruning treatments. (From thesis 
by Wiggans.) 

PLATE 3 

Photomicrographs of longitudinal sections through fruit-buds of the 
Nonpareil almond (X 40). 


Pig. 

1. 

July 30, 1923. 

Pig- 

2. 

August 17, 1923. 

Pig. 

3. 

September 1, 1923. 

Pig. 

4. 

September 15, 1923. 



PLATE 4 


Photomicrographs of longitudinal sections through fruit-buds of the 
Gravenstein apple (X 40). 

Fig. 1. June 11, 1923. 

Fig. 2. July 11, 1923. 

Fig. 3. October 13, 1923. 

Fig. 4. December 22, 1923. 

PLATE 5 

Photomicrographs of longitudinal sections through fruit-buds of the 
Royal apricot (X 40), 

Fig. 1. August 10, 1923. 

Pig. 2. September 1, 1923. 

Fig. 3. October 5, 1915. 

Fig. 4, October 30, 1922, 

PLATE 5 — (Continued) 

Photomicrographs of longitudinal sections through fruit-buds of the 
Royal apricot (X 40). 

Fig. 5. November 22, 1915. 

Fig, 6. January 13, 1916. 

Pig, 7. February 10, 1916. 

Fig. 8. February 17, 1916. 
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PLATE 6 

Pliotoniicrographs of longitudinal sections through fruit-buds of the 
Early Kichmond cherry (X 40). 

Pig. 1. July 12, 1923. 

Pig. 2. August 17, 1923. 

Pig. 3. Se]pten3ber 15, 1923, 

Pig. 4. November 30, 1923. 

PLATE 7 

Photomicrographs of longitudinfU sections through fruit-buds of the 
Napoleon cherry (X 40). 

Pig. 1. July 3, 1923. 

Pig. 2. July 30, 1923, 

Pig. 3. August 17, 1923. 

Pig. 4. November 20, 1923. 

PLATE 8 

Photomicrographs of longitudinal sections through fruit-buds of the 
Elberta peach (X 40). 

Fig. 1. July 20, 1923. 
ihg, 2. July 30, 1923. 

Pig. 3. August 10, 1923. 

Pig. 4. August 17, 1923. 

PLATE 9 

Photomicrographs of longitudinal sections through fruit-buds of the 
Bartlett pear (X 40). 

Pig. 1. July 21, 1923. 

Fig. 2. July 31, 1922. 

Pig. 3. November 30, 1923. 

Fig. 4. February 28, 1923. 

PLATE 10 

Photomicrographs of longitudinal sections through fruit-buds of the 
French prune (X 40), 

Pig. 1. August 17, 1920, 

Pig. 2. September 15, 1920. 

Pig. 3. December 7, 1920. 

Fig. 4. February 2, 1921. 

PLATE 11 

Photomicrographs of longitudinal sections through fruit-buds of the 
Wicksoa plnm (X 40). 

Pig. 1. August 10, 1923. 

Pig. 2. September 1, 1923. 

Pig. 3. October 13, 1923. 

Pig. 4. December 22, 1923. 
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THE ANTISCORBUTIC VALUE OF COMMERCIALLY 
CONCENTRATED ORANGE JUICE 

BY 

HABOLD GOSS 


Inteoduction 

Concentrated orange juice prepared commercially has only 
recently been placed on the market. So far as we are aware, all 
reports on the antiscorbutic property of concentrated juices are based 
on work with laboratory preparations, except that of Chaney,^ who 
reported on the use of a concentrated bottled orange juice as a supple- 
mental lunch for school children and suggested that the favorable 
results obtained may have been due, in part, to the antiscorbutic 
principle of the orange juice. It was, therefore, deemed desirable to 
ascertain whether or not these commercial products retained the 
antiscorbutic property to as great an extent as did the laboratory 
preparations. 

It was realized as long ago as the sixteenth century that oranges 
and lemons possessed great value as preventives of scurvy,^ but at 
that time little significance was given to this fact and more attention 
was paid to Limes and other fresh fruits. Orange and lemon juice 
have now been studied more than any other antiscorbutic substance. 
Limes and lime juice are no longer regarded as excellent sources 
of vitamin C. Chick, Hume, and Skelton® found lime juice to be 
only one-fourth as potent as lemon juice, while lemon and orange 
juice are considered equal in value in this respect. Oranges and 
lemons have the highest known antiscorbutic value and are, therefore, 
almost always taken as a standard in comparative work. 

It has been known for some time that orange juice may be heated 
to boiling^ or dried in vacuum under certain conditions and reduced 
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to a powdered form® and still retain significant antiscorbutic power. 
It has been pointed out by other investigators that oxidation is 
responsible for the rapid destruction of vitamin C in orange juice; 
such destruction taking place even in the cold when the juice is suf- 
ficiently exposed to air or other oxidizing influences. Neutralization 
of the citric acid has a similar marked effect.^'’ Givens and Mac- 
Cluggage/ in their early work in 1919, pointed out the advantages that 
would follow if some method of concentration were perfected which 
would not lower the antiscorbutic value of orange and lemon juice. 
This would make it possible to prepare and preserve these valuable 
food products from surplus fruit and put them on the market at a 
comparatively low price. It has been shown by the results of investi- 
gations abeady carried out that concentration of the juice in vacuum 
under reduced temperatures is a practical commercial method of 
accomplishing this object. 

Method op Procedure 

Using fresh orange juice as a standard antiscorbutic and a basal 
diet of oats, barley, wheat hay, and water, comparative results were 
obtained by studying the clinical effects on guinea-pigs of the basal 
diet plus a measured amount of the product studied. An attempt 
was thus made to secure approximate quantitative results in terms of 
fresh orange juice, but as others have often noted^ the individual 
variations of the animals and the uncertainty of the border line 
between protection and failure to protect render exact measurement 
of the results by this method impossible. 

The concentrated juices were, after dilution with suitable known 
quantities of water, administered orally daily in measured amounts, 
by means of a 5 cc. hypodermic syringe (fig. 1). Very Little difficulty 
was experienced by this method in administering an exact quantity 
of the juice. It wms found that the animals rehshed all juices after 
a few trials with the exception of concentrated lemon. By carefully 
releasing the liquid from the syringe 5 cc. could be administered 
without loss. 

The desiccated orange juice was dissolved in water and then used 
with the syringe as described above. 

The dried whole orange was given in gelatin capsules each con- 
taining 0.2 grams of the product, ground as fine as possible in a food 
chopper. 
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In all experiments normal, healthy guinea-pigs were used, ranging 
in w^eight from 400 to 800 grams. They were kept, two or three 
together, in metal cages in a sunlit room, protected from draughts 
and changes in temperature. The bedding used wms covered by a 
layer three or four inches thick of clear wheat hay, which was 
replenished every three days when the cages were cleaned. Rolled 
oats, rolled barley, and water were kept before the animals at all times. 



Fig. 1. Method of feeding measured quantity of juice by means of 
hypodermic pipette 

Experimental 

Besides the concentrated whole orange juice our study included 
several other orange and lemon products, prepared recently on a 
commercial scale. Experimental data is submitted on the following 
products : 

1. Concentrated whole orange juice. 

2. Concentrated and clarified orange juice. 

3.. Desiccated orange juice prepared by a spray process with added 
cane sugar. 

4. Dried whole orange. 

5. Concentrated, slightly sweetened lemon juice. 

The orange and lemon concentrates were prepared by a standard 
well-known method of concentration employing gla^-lined vaeuum 
pans operated under very high vaeuum and low temperature. Tbe^ 
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products were furnished by the Exchange Orange Products Company 
at San Dimas, California, and the Exchange Lemon Products Com- 
pany at Corona, California, two commercial production plants 
cooperatively owned and operated by members of the California Fruit 
Growers' Exchange. 



Pig, 2. General condition of scorbutic animal after 30 days on a diet 
of oats, barley, wheat hay, and water. 

The desiccated orange juice was furnished by the Research Labora- 
tory of the Exchange. The dehydrated ground whole orange was 
submitted by the Laboratory of Fruit and Vegetable Chemistry, 
U. S. Department of Agriculture, Los Angeles, California. 



Pig. 3. Guinea-pig suffering from scurvy, showing painful limb 
extended to relieve pressure. 

1. Based Diet Alone . — On the basal diet alone animals usually 
showed, in about 20 to 25 days, indications of failure of health, 
usually characterized by weakness, a staring coat (fig. 2), swollen 
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wrist joints — especially in the young animals — tenderness of the 
limbs, and signs of pain when handled. Frequently the animal would 
relieve pain in the affected limb by removing pressure as shown in 
figure 3. Occasionally the well known ‘^face-ache position^’ described 
by Chick, Hume, and Skelton® was observed. 



Fig. 4. Stomacli of a scorbutic guinea-pig distended as a result of gas, 
showing hemorrhages on the interior, even before being opened (see fig. 5). 

Unless fresh orange juice or grass was given when the symptoms 
were first noticed the animal would invariably die in 10 days more. 
Post mortem examinations of these animals gave various pictures 
describe4|-hy other investigators, but no complete set of symptoms 
and lesions were observed in all cases. 

The most predominating lesion found in our cases were hemor- 
rhages in various tissues of the body, usually in the stomach and 
intestines (figs. 4, 5, 6, and 7) and occasionally in the muscles of the 
hind Frequently enlargements of the <M^ochondral junctions 
of the ribs were well pronounced (see fig. 8 and compare with fig. 9). 
The bones were always more or less brittle. In two cases, jaw bones 
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were found fractured. The teeth were usually dull and brittle, the 
incisors easily yielding to fracture on the ends by the pressure of 
the finger nail. 



rig. 5. Appearance of inside lining of same stomach shown in figure 4. 
Note the numerous hemdrrhages dotted through the lining. 



Fig, 6. i^i^orrha^ in the stomach of a gnioea-plg 

which died from scun?y. 
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The growth curves are not espeeiallj^ significant except to give 
some idea of the well being of the animals during the test. In nearly 
all eases symptoms of seur\’y were not apparent until after a notable 
decline in weight was observed. 



Fig. 7. Hemorrhagic erosions in 'the stomach lining of a scorbutic guinea- 
pig. The white ring in the upper center is the pylorus. 

When any of the above symptoms developed it was assumed that 
either no protection was being offered by the substance in question or 
that the protection was not sufScient. 



Mg> 8. Sectioh of xibs showing enlarged costochrondral junc^ena ; 

in some of the seorbumc animals Oompaxe with igsie 9^ ^ \ t 
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Curative methods are sometimes used in determining the presence 
of vitamin C but the conditions of the animals were so uncertain that 
quantitative results were found with difficulty and in many cases not 
at all. Therefore, more reliance has been placed on the preventive 
than on the curative method. 

2. Minimum Dose of Fresh Orange Juice , — ^When the basal diet 
was supplemented by 1.5 cc. of fresh orange juice daily, animals were 
successfully maintained for a period of 93 days, gaining 55 per cent 



Fig. 9. Section of the ribs showing coatochrondral junctions, from guinea- 
pig fed daily doses of 1 gram of desiccated orange juice. Compare with figure 8. 


in weight and showing no signs of scurvy at anytime (fig. 10). ^^Other 
animals fed similarly, except that alfalfa hay wfe supplied instead of 
wheat hay, grew apparently at the same rate, even though the A 
vitamin factor was probably present in more abundance in the alfalfa. 
Even when animals were kept on oats, barley, and '^ater, alope, the 
addition of 1.6 cc. orange juice daily protected them from scurvy 
for at least 80 days, but they did not gain in weight as did the;animals 
supplied with an abundance of hay. " 

3. Concentrated Whole Qrange Juice , — This saa^Jile of .concen- 
trated orange juice, designated as No. 3, was made ffom the juice of 
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very ripe navel oranges. The raw juice was concentrated in a glass 
enameled vacuum pan under high vacuum, the temperature not 
exceeding 45° C. at any time, and being for the greater part of the 
time at or below 40° C. The time required for the processing was 
about four hours. At the end of the concentration, the sample used in 
this test was drawn directly from the vacuum pan into one gallon 
sterilized glass jars stoppered with a sterilized cork and kept moder- 
ately cool. 



Fig. 10. Growth curves for basal diet alone and for basal diet plus 1.5 cc. 
fresh orange juice. D.S., died of scurvy. 


Because of the unusually high percentage of solids in the raw juice 
(17 per cent) one gallon of concentrate represented only 5]^ gallons 
of raw juice, while in commercial practice the normal volume concen- 
tration is about seven to one. On a weight basis, 1 gram of this con- 
centrate is equivalent to about 4.5 grams of raw juice. 

Successively reduced amounts of concentrate beginning with 
1 gram and ending with 0.25 gram 'were fed to normal test animals, 
each day, together with the basal diet described above. The weights 
of the animals were recorded and observations made daily for the first 
appearance of the usually noted symptoms of scurvy. 

Guinea-pigs nos. 59, 60, and 61 (fig. 11) were fed on the basal diet 
plus 1 gram concentrate daily diluted with water (period A to B). 
At the end of 40 days the dose was reduced to 0.5 gram daily. Animal 
59 died after 95 days; no scurvy symptoms were found on post 
mortem. Animals 60 and 61 showed no signs of scurvy after 115 
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days. It will be recalled here that on the basal diet alone symptoms 
were apparent after 20 days, followed by death 10 to 15 days later 
(fig. 10). A second trial with five younger animals (fig. 11) produced 
no symptoms in 60 days on a 0.5 gram dose. 

A third trial using 0.25 gram doses with three animals was started 
(fig. 11). One guinea-pig, no. 107 (not plotted in figure) died after 



10 days from unknown causes. Animal no. 106 was continued on 
this dose for 88 days, when it was doubtful if it would continue to 
live longer. The dose was then increased to 5 grams of the concen- 
trate, partly neutralized with alkali. This increase caused a rapid 
recovery to normal, although little increase in was noticed. 

This experiment was discontinued on the li5th and the animal 
was placed on greens to recover. Guinea-pig no. 108 gained weight 
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for 45 days, then lost weight and vitality and appeared scorbutic on 
the 68th day. After 87 days the diet was changed to normal. Death 
occurred later, but no typical lesions of scurvy were noted on post 
mortem examination. 

One curative experiment was carried out, using guinea-pig no. 111. 
This animal was kept on the basal diet until definite s^unptoms of 
scurvy were produced. A curative dose of 1 gram of the concentrated 
whole orange juice, partly neutralized by sodium hydroxid solution 
at the time of feeding caused the vSjTnptoms to disappear in 24 hours 
and the animal soon recovered to normal. 

The above tests indicate that 0.5 gram of the concentrate repre- 
senting about 2.2 cc. of fresh orange juice was sufficient to protect 
against scurvy, while 0.25 gram of concentrate, representing 1.1 cc. 
of fresh orange juice, although delaying the onset of the disease, was 
not sufficient to protect. Since 1.5 cc. of the fresh orange juice is 
considered necessary to protect animals from scurvy for at least 90 
days, it was concluded that orange concentrate No. 3 had lost little 
or none of its antiscorbutic properties during concentration and 
subsequent storage. 

4. Clarified Orange Si/ncp . — This clarified syrup product, Concen- 
trate No. 6, was made from whole ripe fruit of miscellaneous varieties 
with a small amount of added cane sugar, according to the following 
method : The raw juice was heated in 30 minutes to a temperature of 
185° F., and then transferred from the heating kettle to a large 
wooden mixing tank. In tkis operation the temperature dropped 
from 185° P to 150° F. in two hours. About 4^/^ hours were consumed 
in filtering the juice, with the aid of filtereel, the juice cooling some- 
what during this time. It then stood overnight in an open tank 
loosely covered with canvas. The total exposure before concentration 
was about 18 hours, during the first 2iy4 hours of which the tempera- 
ture fell from 185° P. to 150° P., during the next 4% hours from 
150° P. to 120° P., and then for a period of about 11 hours while the 
juice was exposed to the air it fell from 120° P. to about 90° P. 

Sufficient sugar was added to make the ratio of solids to acid 
12 to 1, and the filtered, sweetened juice was then concentrated in a 
glass enameled vacuum pan in about 7 hours. The temperature during 
this time was about 95° F. and did not exceed 100° F. except possibly 
through slight local overheating, which the thermometer would sot 
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indicate. However, as this juice was continually under vacuum of 
about 28 inches of mercury and under violent agitation while boiling 
under this vacuum, the chances for local overheating were very slight. 
The final product contained 72 per cent solids. One gallon of the 
concentrate represents 5 gallons of the raw juice. One gram of this 
concentrated syrup represents 3,6 ec. of orange juice. 



Again, as in the previous trials, successively smaller amounts of 
the product were administered until the minimum amount which 
seemed to protect the animals from xseurvy was determined. 

In a preliminary trial with this concentrate, three guinea-pigs, 
nos. 56, 57, and 58 (fig. 12), were started on the basal diet plus 
1 gram of this product daily. No sign of scurvy appeared in 43 days 
so the dose was reduced to 0.5 gram of the concentrate, an amount 
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representing about 1.8 cc. fresh orange juice. One animal, no. 57, 
soon began to fall off in weight and died at the end of 37 days on the 
reduced amount of juice or a total time of 80 days on the test. Post 
mortem did not reveal any significant lesions. The test was continued 
with the other two animals, nos. 56 and 58, and although both began 
losing vitality, no recognizable sjunptoms of scurvy developed. Animal 
58, on the dose of 0.5 gram concentrate, died after 70 days, or a total 
of 113 days. Again, on post mortem examination this animal showed 
no scurvy lesions. The third guinea-pig, no. 56, was placed on grass 
after it had been on the reduced dose for 75 days or a total of 118 
days. It slowly improved in appearance and the test was discontinued. 

The experiment using 0.5 gram dose of this concentrate was 
repeated, using guinea-pigs nos. 89 and 90. No symptoms developed 
in 60 days. 

In a third series of tests the dose of this concentrate was reduced 
to 0.37 gram, an amount equivalent to about 1.4 ec. of fresh orange 
juice. Three guinea-pigs, nos. 103, 104, and 105, received this diet. 

These animals maintained their weight for 60 days, then began to 
lose until the 90th day of the experiment, when they were placed on 
grass to recover. No s3Tnptoms of scurfy were noticed at any time. 
Two of the animals recovered their weight while the third died some 
time later, revealing no lesions of scurvy at autopsy. 

One curative experiment was carried out, using guinea-pig no. 110. 
The animal was kept on the basal diet until definite symptoms of 
scurvy appeared. A dose of 1 gram of the concentrated clarified 
juice administered daily' caused the symptoms to disappear rapidly 
and the animal soon recovered to normal. 

In this case the minimum for protection appeared to be between 
0.37 and 0,50 gram representing, respectively, 1.3 to 1.8 cc. of fresh 
orange juice. Although this juice was exposed to much higher temp- 
peratures for a longer time, at these temperatures there does not seem 
to be an appreciable destruction of the vitamin C factor. 

5. Desiccated Orange Juice , — This product was made in New York 
in 1922 by a spray drying process and when the experiments began 
was over two years old. The Exchange Research Laboratory, which 
furnished the product, reported that cane sugar had been added before 
the drying, for otherwise a sticky product would have been obtained. 



28 


Hilgardia 


[Vol. 1, No. 2 


Because of this addition of sugar, 1 gram of the dried product 
represented only about 3 cc. of fresh orange juice. Accordingly, 
0.5 gram of this product, representing 1.5 cc. of fresh orange juice, 
should protect guinea-pigs from scurvy, provided the C factor was 
not lowered in drying and subsequent storage. 

The product, which was very hygroscopic, was kept in an airtight 
container and a small amount was taken each day, diluted with water, 
and the required quantity administered by mouth, just as were the 
orange juices. 



Pig, 13. Experiments with powdered, sweetened orange juice, prepared by 
a spray process. This desiccated orange juice was two years old at the begin- 
ning of the experiment. At N, fresh grass was given. A to B, basal diet alone. 
B to N, 1.0 gm. powdered orange juice given daily. K.N.S., killed, no scurvy 
found. K,S.?, killed, scurvy doubtful. 

A curative experiment was first tried, using guinea-pig no. 112 
(fig. 13). This animal was rendered scorbutic on the basal diet alone 
and when typical symptoms of scurvy appeared, characterized in this 
case by painful limbs and face-on-onc-side position, 1 gram of the 
desiccated orange juice was given. The outward symptoms dis- 
appeared in less than 12 hours. This animal slowly gained weight 
and on the 84th day seemed to be fully recovered and was placed on 
the normal diet, 

A second series of tests were carried out, UvSing 1 gram and 0.5 
gram of the dry orange juice as a preventive of scurvy. On a 1 gram 
dose guinea-pigs nos. 130 and 131 (fig, 13) gained weight and 
appeared to be in perfect health even at the end of the 103rd day. 
These two animals were killed after the 107th day and a very careful 
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post mortem examination was made to determine if any s}miptoms of 
scurvy could be detected. Both animals appeared to be normal in 
every respect. 

Two other guinea-pigs, nos. 132 and 133, fed on 0.5 gram of the 
powdered orange juice and the basal diet failed to gain in weight, but 
no symptoms of scurvy were noticeable in 90 days. After 105 days 
the animals appeared to be weakening and it was noticed that they 
hopped around the cages as scorbutic animals were previously noted 
to do. Both animals were chloroformed and only a mild ease of 
scurvy found in one animal at autopsy. 

Unfortunately our remaining supply^ of the dried orange juice 
accidentally absorbed water and no further experiments were carried 
on. 

Cavanaugh, Butcher, and Hall have just published a paper® in 
which they include the results of tests with powdered orange and 
lemon juices made by a spray process similar to that used in making 
powdered milk. They have concluded also that the antiscorbutic 
potency of these powdered fruit juices was retained. 

Our above limited number of experiments are in agreement with 
this report and suggest that it is feasible to prepare a desiccated 
orange juice which retains an appreciable proportion of its anti- 
scorbutic value. However, from a practical standpoint, not much is 
gained if so much sugar must be added to the juice that the final 
product represents a concentration of only one to three. A much 
higher concentration prevails in both of the concentrated orange 
juices discussed above. 

6. Dried Whole Orange , — Another product of considerable interest 
studied was the dry ground whole orange, furnished by the Laboratory 
of Fruit and Vegetable Chemistry, U. S. Department of Agriculture. 

This product was made from cull oranges from which all unsound 
fruit had been removed. After quartering, the fruit was coarsely 
ground in a power mill and allowed to stand overnight so that the 
juice which might have been squeezed out was reabsorbed in the pulp. 
The ground fruit was then dried on trays in a dehydrator at a tem- 
perature of F. for about 8 hours at a fairly low humidity. 

The moisture was thus reduced from about 80 per cent to about 8 per 
cent. One part of the dried product represents four to five parts of 
the original fresh orange. The product has been used as an ingredieiii 
in the manufacture of marmalade and mince meat. 
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In preliminary esperiments, 1 and 2 gram doses were found to 
be suftieieiitly large to protect tUe animal from scurfy for at least 
90 days ! fig. 14, animals nos. 40, 65). 

Considerable difiieulty was experienced in feeding with a definite 
small amount of this product which could be considered representa- 
tive, as it was not found possible to grind the material to a fine 


1100 


1000 


900 


800 


700 


600 


600 


Fig 14. Growth curves with basal diet plus dry whole orange. At N fresh 
grass was given. K.S.P., killed, scurvy foiuid on post mortem. 

powder. The method finally adopted was to crumble the coarsely 
ground product in a food chopper and stuff the crumbs into small 
gelatine capsules. Each capsule held approximately 0.2 gram. A 
definite quantity could thus be administered by mouth each day. 

In a second series of tests the dose was reduced to 0.4 gram daily. 
Guinea-pigs nos. 134 and 135 were maintained for 118 days on this 
amount but after chloroforming the animals it was found on post 
mortem that definite scurvy symptoms were present. In one case, 
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no. 134, the stomach contained numerous well developed hemorrhages 
throughout, 2 to 3 mm. in cross-section. On post mortem of no. 135 
similar well marked lesions were revealed. There were numerous 
small hemorrhages in the costochondral muscles. Both fore and liind 
legs showed unmistakable lesions of sgiitxj. Beginning about one- 
third way upon the humerus and extending down to the digits, there 
was a diffuse hemorrhagic area underneath the facia and between the 
muscles. The muscles of the right hind leg were spotted with many 
fair sized diffused hemorrhages extending from the hip joint all the 
way down to the digits. In this ease the muscle proi3er w^as appar- 
ently involved. 

On a 0.2 gram dose one animal, no. 115, lived 52 days but at the 
end of this time was in a very serious condition, having lost a great 
deal of its weight. It was then chloroformed and a post mortem 
examination made. Well developed hemorrhages were found in the 
large intestine and also underneath the skin in the region of all four 
legs. 

So far as we are aware no information is available which would 
tell us what is the minimum dose of fresh whole orange which would 
protect the guinea-pig from scurvy. The therapeutic value of this 
fruit has generally been believed to be contained in the juice and there 
is little evidence, we believe, to show that the peel and pulp contain 
the antiscorbutic factor, HoAvever, it is apparent from the above test 
with 0.4 gram of the dried product, representing about 2 grams of 
fresh whole orange, that the minimmn must be near 2 grams. These 
few tests indicate that a dry whole orange product may be prepared 
which furnishes a concentrated source of the antiscorbutic factor. 

The question of stability of this factor is next to be considered. 
The above tests w^ere carried out on material which was over a year 
old, kept sealed in two-quart fruit jars. Further experiments will be 
carried out on this material when it has been stored for a much longer 
time. 

7. Concentrated Lemon Juice , — This product was produced in the 
glass enameled vacuum pan, just as was the orange juice No. 3. How- 
ever, the raw lemon juice was held for 24 hours preserved with 
6 ounces of potassium metabisulphite to 100 gallons before being con- 
centrated. SufBcient cane sugar was added to the raw juice to make 
the ratio of total solids to acid three to one. ' , 
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Concentration required about four hours, temperature conditions 
being the same as those prevailing during the preparation of the 
orange concentrate No. 3. One gallon of the concentrated lemon 
juice represents 5.9 gallons of the raw juice. One gram of the con- 
centrated lemon juice was equivalent to 4.53 grams of the raw juice. 

Considerable dihieulty was experienced in finding guinea-pigs that 
would readily submit to feeding with the concentrated lemon juice, 
even when considerably diluted with water. Two guinea-pigs, how- 
ever, were maintained for two months on a 0.5 gram dose, an amount 
equivalent to about 2.2 ec., without visible signs of scurvy. 

The high concentration of citric acid in this product undoubtedly 
is responsible for the aversion of the animals to the lemon juice. An 
early attempt to prepare a de-eitrated lemon juice from the concen- 
trate by removal of the citric acid with calcium carbonate resulted 
in a product which failed to protect three guinea-pigs from scurvy. 
This was to be expected since no precautions Avere taken to exclude 
air. It has been shown by Zilva® that destruction of the antiscorbutic 
factor is favored by alkalinity and exposure to air. In this connection 
Zilva^® has prepared a concentrated de-citrated lemon juice which was 
active after three months, having been acidified and stored under 
anaerobic conditions. 

Experiments are now in progress in which an attempt will be 
made, with the knowledge gained from Zilva’s work, to determine the 
antiscorbutic value of this same concentrated lemon juice, which is 
now over a year old. 

The difficulty of feeding the concentrated lemon juice unaltered 
has greatly handicapped the experimental work on this product. 
However, the results given indicate that a considerable portion of the 
antiscorbutic value of the juice has been retained. 
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Summary 

Feeding experiments "witii guinea-pigs were made to determine 
whether the antiscorbutic value of commercially concentrated orange 
juice was lowered during concentration. Fresh orange juice was 
used as a standard antiscorbutic for control. Similar experiments 
were made to determine the antiscorbutic value of dried whole orange 
and desiccated whole orange juice, and a few experiments were made 
with a commercially prepared concentrated lemon juice. The data 
obtained show: 

1. That commercial orange juice concentrated in vacuum at a low" 
temperature retains practically all of the antiscorbutic value of the 
original orange juice. 

2. That a clarified concentrated orange juice retained the anti- 
scorbutic factor to a great extent although there is a probability that 
the longer exposure to the air at higher temperatures lowered this 
value. 

3. That a desiccated orange juice prepared by a spray drying 
process retained a good proportion of the antiscorbutic value of the 
fresh orange juice even after two years’ storage. 

4. That a dried whole orange product prepared in a commercial 
dehydrator was a very concentrated source of the antiscorbutic factor. 

5- That concentrated lemon juice, commercially prepared by 
evaporation in vacuum at a low temperature, could be considered a 
concentrated source of the antiscorbutic substance. 
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INTRODUCTION 

One of the most important factors in the manufacture of ice cream 
of high quality is the proper proportioning of the ingredients. Formulas 
are used by a few ice cream manufacturers, but a thorough knowledge 
of how to standardize the mix (mixture) by using ingredients with 
varying composition, and thereby bringing about the desired per cent 
of fat, milk-solids-not-fat, total solids, et cetera, is of greater value than 
the possession of a great number of formulas. 

To be able to calculate a mix simply and accurately is very useful to 
the ice gream manufacturer. Many requests have been received by the 
Division of Dairy Industty, asking how this can be done. Several 
methods have been published during the past year or so for computing 
mixes, but the one presented here seems simpler than any other yet 
suggested. This method makes use of algebraic formulas, and is more 
accurate than the ^^cut and try” method used by many. Rules based 
on these formulas are given for those who would prefer rules to algebraic 
formulas. 

Composition of Ingredimts: Before the composition of a mix can be 
calculated, a standard must be decided upon. By a standard is meant 
the per cent of milk-solids-not-fat, sugar, gelatin, and water for gelatin, 
that the finished mix is to contain. Every ice cream manufacturer has 
some kind of standard. The sum of the per cents of solids in the ingre- 
dients u^ determines the per cent of total solids in the mix. 
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The California State law requhes 10% fat in plain ice cream. An 
excellent ice cream can be made by using the following standard, which 
is the one now used by the University of California: 

Fat, 10.5% 

Milk-solids-not-fat, 10% 

Sugar, 14.5% 

Gelatin, .5% 

Water, 3% for hydrating gelatin. 

Before any standard can be used, its ingredients must, of course, be 
known. It is convenient to have the ingredients tabulated as in table 1. 

Ingredients: 

TABLE 1 

List op Ingredients for Reference and Key to Cases 

1. Cream 

2. Milk-whole 

3. Milk — whole condensed {evaporated milk) 

4. Milk — whole condensed and sweetened 

5. Skim milk 

6. Skim milk condensed 

7. Skim milk condensed and sweetened 

8. Whole milk powder 

9. Skim milk powder 

10. Butter 

11. Sugar 1 

12. Gelatin I all cases 

13. Gelatin water J 

14. Water 

Case I. Ingredients— Cream, milk, condensed skim milk 

Case II. Ingredients— ♦!, 2, 6-f 3 or 4 or 6 

Case III. Ingredients — 1, 2, 3 

Case IV. Ingredients — 1, 2, 4 

Case V. Ingredients — 1, 5 

Case VI. Ingredients — 1, 2 4- condensation 

Case VII. Ingredients — 1, 5, 6 

Case VIII. IngredieBts — Left over, 1, 2 

Case 3tX, Ingrediente— 10, 1, 6 

Case X. Given amounts two or more ingredients 

Case XI. Other standards 

Crmm: Cream is used quite extensively as the main source of fat 
in ifse ereaxm The mtsre fat it contains, the less of other solids it can 
have. TTie fat otmds out the iniIk-6olid&-not-f at as shown by the follow- 
ing table: 

* These numbers reler to tte nambers giroa to the ingredients listed in Table 1. 
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Milk: Legal milk must contain at least 3 per cent of fat. It must 
be remembered that milk increases the milk-solids-not-fat about twice 
as fast as it does the fat. It is almost universally used in building up 
fat and milk-solids-not-fat in ice cream. 

Sweetened CondeTised Milk: The constituents of sweetened con- 
densed milk are the same as those of fresh milk, except that they have 
been concentrated by evaporating in vacuo and have had a varjdng 
amount of sucrose, usually about 42%, added to them. This product 
is used to a considerable extent in the manufacture of ice cream. 

Evaporated Milk: Evaporated milk is practically the same product 
as sweetened condensed milk except that it lacks the addition of the 
sucrose. 

Condensed Skim Milk: It is necessary to build up the milk-solids- 
not-fat by means of some condensed product; this is usually done with 
condensed skim. The per cent of solids in the condensed skim milk 
varies in different plants and varies from day to day in the same plant. 
Therefore, a very careful check should be kept on the per cent of milk 
solids in the condensed skim. It usually is the cheapest source of addi- 
tional milk-solids-not-fat. Probably the most desirable per cent of 
milk-solids-not-fat in condensed skim is 32. 

Skim Milk Powder: Skim milk powder is also used to some extent 
in localities where it is difficult to secure the condensed skim. The 
powder makes a very good quality of ice cream, and while it seems 
perfectly dry to the hand, it contains from two to three per cent moisture. 
For all practical purposes, it can be considered as containing 97 per 
cent milk-sohds-not-fat. 

Whole Milk Powder: Whole milk powder can be purchased from 
powder plants, but must be used within a short time after manufacture. 
It is made by powdering the whole milk, and may be used where con- 
ditions and price wiU warrant. 

Butter: Sweet butter is used to some extent in the manufacture of 
ice cream. Sweet butter is that which contains no salt. Since its 
composition varies, it should be purchased on a fat basis. It usually 
contains approximately 83 per cent fat. A first class ice cream can be 
made from it. Even salted butter may be used by melting it at a 
temperature not exceeding 150® F. and allowing the salt, curd and 
water to settle out. After they have settled out, they should be drawn 
off and if necessary, Ihe oil should be washed with warm water. By thfe 
pro<^ss a butter oil practically 100 per cent pure may be secured. 
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Granulated Sugar: Granulated sugar, either beet or cane, may be 
used in the manufacture of ice cream, and should be figured as con- 
taining 100 per cent solids. Washburn says '"that sugar, if stored in a 
damp place, will absorb only moisture or less.” 

Corn Sugar: Corn sugar contains about 10 “per cent moisture, is 
only about 60 per cent as sweet as cane sugar, and may be used to a 
limited extent to replace granulated sugar. 

Gelatin: Gelatin is a very important ingredient in the manufacture 
of ice cream, but is used only in small amounts, about .5 of one per cent 
or less. It absorbs moisture very readily. The best grades of gelatin 
contain from 5 to 10 per cent moisture and none but the best should be 
used. 

Gelatin Water: Some ice cream manufacturers dissolve the gelatin 
in water at the rate of six parts of water to one of gelatin. It should 
be dissolved in cold water and heated in a steam jacketed kettle from 
165° to 185° F., the temperature varying in different plants. The 
gelatin solution is added to the mix while it is being held at a pasteurizing 
temperature. 

The Method of Computing the Mix: As suggested above, the method 
here explained involves the use of algebraic formiilas and rules based 
on these formulas. Thus, there is no ‘^cutting and trying” in it, and 
the results obtained, when carefully “checked,” are hound to be correct — 
not just rough approximations. For those who know a little elementary 
algebra, the formulas will be found very simple; a little practice with 
them will insure both speed and accuracy in computing mixes. Those 
who have no knowledge whatever of algebra will find it best to use the 
rtdes at first, but even they should compare the rules with the formulas 
and should study the examples worked out by means of the latter. If 
tiiey will do this, it is believed that they will soon be able also to use the 
formulas efficiently and will prefer them to the more cumbersome rules. 

Although some e x amples are worked out showing how to adapt the 
foamuulas to other standards, the standard used in this circular is the 
fdlBbwm^: 

Fat, 10.5% 

Mitt-fiolids-not-fat, 10% 

Sugar, 14,6% 

Gelatin, *5% 

Water, 3% for hydrating gelatin. 
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Skim Milk: Skim milk may be used in increasing satisfactorily the 
milk-solids-not-fat. 


*TABLE 2 

Showing Per Cent of Fat, and Milk-Solids-Not-Fat in Milk and Cream 


Per cent 
milk-solids- 


Product 

Per cent fat 

not-fat 

Water 

0.00 

0 00 

Skim milk 

.02 

8 91 

Milk 

3.0 

8.61 

Milk 

3 5 

8 71 

Milk , 

4 0 

8 81 

Milk . 

4 5 

8 92 

Milk 

5 0 

9 02 

Cream . 

15 0 

7 57 

Cream 

16 0 

7 48 

Cream . 

17 0 

7.40 

Cream 

18 0 

7.31 

Cream . 

19 0 

7 22 

Cream 

20 0 

7.13 

Cream . 

21.0 

7.04 

Cream 

22 0 

6 95 

Cream . 

23 0 

6.86 

Cream 

24 0 

6 77 

Cream 

25.0 

6.68 

Cream . . 

26.0 

6 59 

Cream 

27 0 

6.50 

Cream . 

28.0 

6.42 

Cream.. . 

29 0 

6.33 


Per cent 
milk-solids- 


Product 

Per cent fat 

not-fat 

Cream . . . 

30.0 

6.24 

Cream 

31.0 

6 15 

Cream 

32.0 

6 06 

Cream . . 

33 0 

5 97 

Cream . 

34.0 

5.88 

Cream .. . 

35 0 

5 79 

Cream 

36.0 

5 70 

Cream . 

37 0 

5 61 

Cream 

38 0 

5 52 

Cream . 

39 0 

5 44 

Cream 

40.0 

5 35 

Cream 

41.0 

5 26 

Cream . 

42.0 . 

5 17 

Cream 

43.0 

5 08 

Cream 

44.0 

4 99 

Cream . .. 

45,0 

4 90 

Cream 

46.0 

4.81 

Cream 

47,0 

4 72 

Cream .. 

48.0 

4 63 

Cream — 

49.0 

4.54 

Cream 

50 0 

4 45 


Note: Other products are purchased on known composition. 


Case I. — Milk^ Cream, Condensed Skim. 

Several different combinations of ingredients are used in ice cream, 
the most common one being composed of milk (or ski m milk), cream 
(or butter) and condensed skim. This combination will be treated first 
and called case I. 

Let M=No. lbs. of mix 
o=%t fat in milk 
6 = % fat in cream or butter 

c — % fM.S.N.F. (Milk-solids-not-fat) in condensed skim 
d“% M.S.N.F. in milk or skim milk 
€ = % M.S.N.F, in cream 


* Taken in part from Farrington and WolL 
t Thus if 4% milk is used, a= 4 
t Thus if 32% conctosed skim is used, c«32 
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The sugar, gelatin and water make up 14.5%+0.5%+3.0% or 18% 
of the mix. 

Hence, 100% — 18% ==82% (or .82) of the mix consists of dairy 
products; namely, milk, skim milk, or butter and condensed skim. 

Now let X = No. lbs. of a % milk required 
Y=No. lbs. of 6 % cream required 
Z = No. lbs. of c% condensed skim required. 


Then the formulas are as follows: 


10(&-a)+10.5(d-c)- 82(bd-ae) 
^ c(6-a)-(6d-a«) 


(10 5-.82a)M+aZ 


10.5M-bY 

X= 

a 


It should be remembered that bd means h times d, bd — ae means to 
subtract a times e from b times d, etc. 10(6— a) means to subtract a 
from b and multiply the difference by 10, etc. 

Next, an example is worked out showing how to substitute in the 
formulas, and then a shorter solution of the same example is given. 
Afterward the corresponding rules are stated, pages 64 to 66. 

Example L (Mffk, Cream and Condensed Skim) 

Using standard mix with ingredients having the following compcsi- 
tion, to m ake 1000 lbs. of mix: 

Milk, 4% fat 

Cream, 35% fat 

Condensed skim, 32% M.S.N.F. 

Thm: 

a=4 

5=35 

c=32 

From Jd=8.8* 

Table t«=5.8 


* Note that i ead e are tafcea to the Bearest iOth only, because using the lOOtbs 
will never tmko more than a fractioa of a poimd diffe^ceiiee in the vali» of Z for 
a lOOO lb. mix, and fiffthenaao®©, these per easts ardwver known exactly for any 
given composite milk. 
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Then substituting these numbers in the formula for Z. 

10(35 - 4)4-10 5(8 8- 5 8) -.82(35X8 8 - 4 X 5 8) 


Z = 


32(35 - 4)- (35X 8 8 - 4X 5.8) 
10X31-fl0.5X3.0-.82(308 0 -23 2) 


32 X31-284 8 

3104-31.5-233.5 108 0 

o X1000=— — XIOOO 
992 - 284.8 707.2 

= 152 7 lbs. condensed skim. 


-XIOOO 


-XIOOO 


Now substituting in the formula for Y, we have 
(10 5- 82 X4)X10004-4X152 7 
35-4 

7220-1-610 8 7830 8 

— ^ — =252 6 lbs. of cream. 


To find X, we have 

10 5X1000- 35X 252 6 
- 

10500 - 8841 

^ =414 8 lbs. of milk. 


Preliminary check; 

Total dairy products 
= .82X1000 lbs. =820 lbs. 

152.7 
252.6 
414 8 


820. 1 check. 


The complete “check’^ follows:* 

10.5% of 1000 lbs. = 105 lbs. of fat required. 

In this case there are only two sources of fat, namely, milk and cream. 

4% of 414 8 lbs. = 16.59 lbs. fat from milk. 

35% of 252.6 lbs. = 88 41 lbs, fat from cream. 

105.00 lbs. fat altogether which “checks” with the fat 
required. 


The M.S.N.F. = 10% of 1000 Its. = 100 Its. required. There are 
three sources of M.S.N.F. in this case, namely: milk containing 8.8%, 
cream containing 5.8%, and condensed skim containing 32%. 

8.8% of 414.8= 36 50 lbs.=M.S.N.F. from milk. 

5.8% of 252.6= 14.65 lbs. =M.S.N.F. from cream, 

32% of 152 7 = 48.86 lbs.=M.S.N.F. from condensed skim. 

100.01 lbs, “Cheeking” the M.S.N.F. 


* It must be noted that the preliminary cheek given above is not a perfect 
“obecfc” since the mnounts obtained for ail the difterent ingredients laighi be 
wrong £md yet they might total 830 lbs. Henee the more complete check 
always be iised. t 
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This solution may seem long, because the substitutions have been 
made at length in the formulas and all the steps in the process shown. 
After working out a few mixes in this way and being sure of the meaning 
of the formulas, the shorter form given below" should be used: 

The formulas or rules should be kept where they may be referred to 
quickly and the given numbeis wTitten down as here shown. 


To find Z: 


c(5— a) =31 
X32 

M = 1000 

6=35 1 
c=32 

—a 

31 

310 

+31.5 

10 5X3 = 31 5 

992 0 
bd— f2e = 284.8 


341.5 

-233.5 

707.2.. 



707 2)108 0(.1527 lbs. 


lOOOX. 1527-152 7 lbs. condensed skim or Z. 


35 
X8 8 


280 

280 5 8 

ae= X4 

308 0 

-23 2 ... . 23 2 


2Si.S = bd-ae 
X 82 


22784 

570 


233. 54 


To find Y: 

.82 

X4 

10.5 

.82a==3.28 .. .-3 28 


7.22X1000 = 7220.0 
aZ= 4X152.7 = 610.8 


To find X: 

10.5X1000 = 10500 
35X252.6 = mi 


31)7830.8(252 6 lbs. cream or Y. 


4)1659(414 8 lbs. milk, or X. 


Hint; Study the short solution given above in connection with the 
rules. 

Rule 1. For finding Z, the amount of condensed skim. 

Step 1. Subtract the per cent of fat in the milk from the per cent 
of fat in the cream: 35— 4— SI. 

Step S. Multiply the result of step 1 by the per cent of M.S.N.F. 
in the mix ; 10 X 31 = SIO.O. 

Step S. Subtract the per cent of M.S.N.F. in the cream from the 
per cent of M.S.N.F. in the milk: 8.8— 5.8 =5.0. 

* Contracted multiplication. 
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Step 4- ^lultiply the result of step 3 the per cent of fat in the 
mix: 10.5X3.0 = 31.5. 

Step 5. Add the results of steps 2 and 4: 310+31.5 = 341.5. 

Step 6. Multiply the per cent of M.S.N.F. in the milk by the per 
cent of fat in the cream: 35.0X8,8—308,0, 

Step 7. Multipty the per cent of M.S.N.F. in the cream by the 
per cent of fat in the milk: 4.0X5.8=33.3. 

Step 8. Subtract the result of step 7 from the result of step 6: 

308.0- 23.2 = 334.3. 

Step 9. Multiply the result of step 8 by the per cent, expressed as a 
decimal, of dairy products in the mix (for standard used) : .82X284.8 = 
333.5. 

Step 10. Subtract the result of step 9 from the result of step 5: 
341.5 — 233.5 = 133.3 which is the numerator of the formula. 

Step 11 . Multiply the result of step 1 by the per cent of M.S.N.F. 
in the condensed skim: 32X31= 992,0. 

Step 12. Subtract the result of step 8 from the result of step 11: 

992.0- 284.8 = 737.3. 

Step 18. Divide the result of step 10 by the result of step 12: 
108.0^ 707.2 =.1537. 

Step 14 * Multiply the result of step 13 by the number of pcunds in 
the mix: 1(XX)X. 1527 = 153.7 lbs. of condensed skim required. 

Rule 2. For finding Y, the amount of cream required. 

Step 15. Multiply the per cent of fat in the milk by the per cent 
expressed decimally of dairy products in the mix: .82X4.0 = 3.33. 

Step 16, Subtract the result of step 15 from the per cent of fat in 
the mix : 10.5 — 3,28 = 7.33. 

Step 17, Multiply the result of step 16 by the number of pounds in 
the mix : 1000 X 7.22 = 7333. 

Step 18. Multiply the result of step 14 (the amount of condensed 
skim required) by the per cent of fat in the milk: 4.0X162.7=313.3. 
Step 19, Add the results of steps 18 and 17 : 7220.0+610,8 = 7830.8. 
Step 20, Divide the result of step 19 by the result of step 1 (Rule 1) 
7830.8 -r 31 =353.3 Ibsfof cream required. 

Rule S. For finding X, the amount of milk required. 

Step 21. Multiply the per cent of fat in the mix by the number of 
pounds in the mix : 1000 X 10.5 = 10500. 
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8iep 22. Multiply the result of step 20 (the amount of cream re- 
quired) by the per cent of fat in the cream: 35.0 X 252.6 = 

Step 23. Subtract the result of step 22 from the result of step 21 : 
10500-8841 = 1 ^ 5 ^. 

Step 24 . Dmcle the result of step 23 by the per cent of fat in the 
milk : 1659 4-4.0 = .414-^ lbs. of milk required. 

Checks; Check the results in the manner shown on page 63, 
which is, briefly, as follows: 

Find the amount of fat and M.S.N.F. required for the mix, according 
to standard used. Then find the amount of fat in the results obtained 
for all three ingredients, condensed skim, cream and milk. These 
amounts should agree closely with those required for the total mix. 

Case II. Milk, cream, condensed product: 

This is the most general case treated. Besides the ingredients con- 
sidered in Case I, it involves the use of plain condensed whole milk or 
sweetened condensed whole milk or sweetened condensed skim. The 
letters a, b, d, and e are used with the same significance as they have 
in Case I. 

But since there may now be another source of fat (the condensed 
whole milk) and another source of sugar (the sweetened condensed, 
either whole or skim) the formulas must provide for these also. Hence, 

Let A— per cent of fat in the plain condensed or sweetened condensed whole 
milk, if either of these be used. Otherwise, ^=0. 

Let I; =100 per cent less^the per cent of sugar in the sweetened condensed 
whole or skim, as the case may be. Thus if the sweetened con- 
densed contains 42% sugar, A:=100%— 42% or .58. 

As in Case I. 

X=No. lbs. of a% milk required, 

Y=No. lbs. of b% cream or butter required, 

Z = No, lbs. of c% condensed product required. 

The Genebau Foemhuas Fonnow: 

10(b-a)-fl0.5(d-c)- 82{bd-ae) 

— V TVf 

(lQ.5~.82q)M-fai:Z-AZ 
5— a 

X = 

a 
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Example 2. (Sweetened Condensed Skim) 

Using standard mix with ingredients having the following composi- 
tion and computing a 1000 lb, mix: 

Milk, 4% 

Cream, 40% 

Sweetened condensed skim milk, 32% M.S.N.F. 

(Cane) sugar, 42%. 

Thus M = 1000 
a=4 
6 = 40 
c = 32 
rf =8 6 
e=5 4 

6=0 (smce the fat in the skim milk is practically Zero) 
fc=.58 (==l00%-42%) 


Computing Z first: 

10(40-4)4-10.5(8 6-5.4)- 82(40X8 6-4X5 4) 
32(40-4)40(8.6-5 4)-. 58(40X8 6 -4X5.4) ^ 

10X36410. 5X3. 2- . 82X322. 4 
32X3640-. 58X322. 4 

360433.6—264.4 ^^ 129200 q ^ sweetened condensed 
1152-187 965 g^ini. 

(10 5- 82X4)X100044X 58X133.9-0X133 9 
40-4 


72^4310 6-0 7530 6 
36 '36 


=209 2 lbs. cream. 


X= 


10500-8368-0 2132 


=533,0 lbs. milk. 


Condensed computation of Example 2. {Note: The steps are per- 
formed in order according to the formulas.) 


Z first: 
8.6 


Solving for 

8.6 

-5.4 

40 

-4 3.2 

X103^ 

36 

10 320 

16 

360 

33,6 .33.6 


m 6 

264.4. 


X40 5.4 

X4 

344 0 

- 21.6 21.6 


^/22,A=bd—ae 

X.82 


26792 

645 


.264.37 


Finding the value of the denomiuft- 
tor: 

36 Since any number times zero is 
X32 zero the second term of the 
denominator is Zero 

72 The third term is . 58 times the 
108 bd—ae already found, L e., 

,58X322,4=187.0. 

1152 

1152—187.0=965, the Denomiaaior. 


1^.2 Numerator of fonmila. 



Uilgardia 


[ VoL 1, No. 4 


C.S 


Dividing the numerator the denominator, 

129. 2 ^ 965 =.1339 

lOOOX 1339=133 9 lbs. sweetened condensed skim. 


Sohdng for Y: 

.82 

X4 

10.5 

3 28 . .. . “3 28 


7.22 X 1000 = 7220 
58 
X4 

133 9 

2.32 X2.32 


40 310.6 

-4 7220 0 


S6 ) 7539.6 (209. Ms. of cream. 

Check as before. 


Solving for X: 


10 5 

XIOOO 209 2 

X40 

10500 0 

8368 0 .. . 8368 0 


4)2132 0 

533 lbs. of milk. 133 9 

XO 


0000 


Preliminary “check’': 

533.0 lbs. milk 

209,2 Ibe. cream ' 

133.9 lbs. sweetened condensed skim 

35.0 lbs. gelatin and water 

88.8 lbs. sugar to be added (since the total amount of sugar is 145 lbs. and 
the 133 9 lbs. of condensed skim contains .42X133.9 or 56. 2 ibs) 
145 - 56 2 =88 8. 


The caution given in the foot note on page 63 about checking the 
results should be heeded here also. 


The complete check follows: 

As in the “check'' for Example 1, 

10. 5% of 1000 Ibe. = 105 lbs. of fat required. 

The sources fat are the 4% milk and 40% cream. 

4% 533.0 lbs. = 21. 32 lbs. fat from milk, 

40% of 209. 2 Ibs. = 83, 68 lbs. fat from cream. 

105. 00 lbs. Total fat, which checks. 

i0% of 1000=100 lbs, of M.S,N.F. required. 

The aourees of M.S.N.F. are 8. 6% from milk, 5. 4% from cream, and 32% from 
jsweei^aed condensed skim. 

8.6%ofS33.01b8. = 45.84 Iba. M.S.N.F. in milk. 

5. 4% of 209.2 Ibe. « 11.30 Ibs. M.S.N.F. in cream. 

32% qf 121^,0 Ibe. = 42,75 Ibs. M.S.N.F. in sweetened condensed. 

99. ibs. Total M.S.N.F. which checks the required 
^ 100 Ibs. nearly enough. 

0tla|)iriOb«blily siaperfinous to state that carrying the results out further would 
a stih closer check.) 
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Example 3. (Plain Condensed Whole IVEilk) 

To make 1000 lbs. of standard mix with the following ingredients: 

Milk, 3 4% fat 
Cream, 38% fat 

Plain condensed whole milk | M S N F 


This example comes under Case II, but since the plain condensed 
whole milk contains no sugar, ^: = 100% — 0% = 1, so that the last term 
in the denominator of the formula is just l(bd — ae)—hd — ae. 
Henceforth only the short, form of the solutions will be given. 


Finding Z first: 


a=3 4 
h=38 
c = 23 

From / d*8.7 (since 3 4 milk is 
Table \ e = 5.5 nearly 3.5) 
k = S 




38 0 
3 4 


Dividing Numerator by 
Denominator 

12T.8-^509.5== 2430 
1000X.243 - 243 1bs. 
condensed milk = Z. 


34 6 
XIO 

346 

4-33 6 . . 
379 6 

-255.8 


Num. = 123 8 


5 - 0 - 34.6 

C-X23 


1038 

692 


c(6-a) =795.8 


d—e — 
A= 


3.2 

X8 


8.7 
5 5 

3 2 =d~e 
10J4 


320 

16 

33.6 


h{d-e)=- 25 6\^ 
c(5-a)=795.8/®‘^'^ 

821 4 

A:(6cJ— a€)=311,9 since ^=1 
509.5 Denom. 


5d= 


38 

X8.7 


ae — 


266 

304 

330.6 

3 4 
X5 5 

170 

170 

,18.70 

330.6 
-18 7 

311 9=5d— ae 
X.82 


24952 

624 

.. .255.76 
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Finding Y ; 

fl = 3 4 
X 82 


f 243 
I X3.4 


272 aJ:Z=\ 972 

7 i 729 


2 79 
10.50 


\ Subtract 


7.71 

XIOOO 




Add 


akZ=— 


AZ=- 


7710 00 1 
S26 00 / 


^0], Subtract 
6592.0=Niim. 


I 826 2 

243 
X8 


1944 


h—Q — 24 6=Denom. 

6592-^-34 6 = 190 52 lbs. cream 


Finding X: 

10 5X1000 = 10500 
190.52 
X38 


57156 

15242 


7239 8 


10500.0 
7239 8 


3260 2 
^Z= 1944 


S4) 1316.2(587.1 lbs. milk. 

Preliminary check: 

.82X1000 = 820 lbs. dairy products 
243.0 
190 5 
387 1 


820. 6 which checks near- 
ly enough. 


Complete check : 

3.4% of 387 1 lbs. = 13 16 lbs. fat from milk. 

38% of 190 5 lbs. =72. 40 lbs. fat from cream. 

8% of 243 0 lbs. = 19.44 l bs fat from condensed milk 
105.00 check. 

10% of 1000 lbs. = 100 lbs. M.S N.F. required. 

Three sources, 8.7% in milk, 5.5% in cream, and 23% in condensed whole 
milk. 


8. 7% of 387. 1 lbs. = 33. 67 lbs. from milk, 

5. 5% of 190. 5 lbs. = 10.48 lbs. from cream, 

23% of 243 0 lbs. = 55.89 lbs. from condensed whole. 
100.04 check. 


The mc®t general problem under Case II, arises when sweetened 
condensed whole milk is used. Then both h and k have special values 
in the fonnulas. 


Example 4- (Sweetened Condensed Whole Mift:) 
To make 1000 lbs. of standard mix using: 


Sweetoed condensed whole 

Milk 4% 

Oeain 3^ 


f 8% fat 
{ 23% M.S.N.F, 


0 ^ 4 ; 

^ ^ I"’! 


»*=1Q0%-«)% = .6O 
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Substituting in the general formulas of Case II, page 66: 

„ 10(35- 4)+10 5(8 8 -5 8)- 82(35X 88 - 4X 5 8)_ 

23(35-4)-f8 0(8.8-5.8)-.60(35X8.S-4X5.8) 

Note: The numerator for Z is the same as in Example 1, page 63, and, hence, 
equals 108.0 

For the denominator: 

31 { s.’s 

23 

3 0 

93 X8 0 

62 

24 0 

713 . . . 713 0 


737.0 


179 9 


566 l=Denom. 

108 0^566.1 = .1908 

lOOOX 1908 = 190 8 lbs. sweetened condensed whole. 

(10, 5-, 82X4) X1000+4X. 60X190. 8- 8X190. 8 
35-4 

.82 

X4 190 8 

X.60 

1^5^ 114.480 

X4 

7 22X1000 = 7220 0 

4-457.9 457 92 190. 8. i ... 

XS 

7677 9 

-1526 4 .1526.4 


51)6151.5(7^8 4 lbs. cream. 

_ 10 5X1000-35X198.4-8X190.8 

X- 4 

189.4 

X35 

10.5 

XIOOO 5952 

992 

10500 

6944 6944 190 8 

X8 

3556 

1526.4 1526.4 


4)2029 6 


3-5 
8 8 

280 

280 

308 0 
23.2 

284.8 

.60 

170.88 


5.8 

X4 

23 2 


507.4 lbs. milk 
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Check: Here the sweet condensed whole includes sugar equal to 
409c of 190.8 or 76.32. Hence, only 190.8 — 76.3 or 114.5 lbs. of it is 
strictly “dairy products’^ 

114.5+198.4+507.4 = 820.3 lbs. which checks the 820 lbs. dairy 
products required. 

4% of 507 4= 20 30 lbs from milk, 

8% of 190 8= 15 25 lbs. from sweet condensed whole, 

35% of 198 4 = 69 44 lbs. cream. 

105 00 which checks fat needed. 

8 8% of 507 4 = 44 65 lbs. from milk, 

23% of 190 8= 43.88 lbs. from condensed whole, 

5.8% of 198 4= 11.51 ibs. from cream. 

100 04 lbs. which checks M.S.N.F. needed. 

Miscellaneous. 

Under this head are classed those problems in which some of the 
ordinary ingredients are missing or given amounts of some of them are 
used. 


Example 5. (Cream and Condensed Skim only) 


To make 1000 lbs. of mix using only cream and condensed skim (no 
whole milk) so that a=0 and d=0. 


This problem comes under Case I, since h and h do not appear; and 
6=40 the formulas for Z and Y become: 
c=30 

d=0 106-10 5(5 10 5M 

c=5.35 Z = XM; Y= — — ■ 

ch b 


Finding Z: 

6.2 40 

XlOH SO 

40 

XIO 620 1200Denom. 

31 

400 

65.1 65.1 

334. 9-M200=. 2791 
IOOOX.279!=279 1 Ibs. condensed 
■ skim 


Finding Y; 

10 5X1000-10500 
10500-5-40 = 262 5 lbs cream, 
279. 1 lbs. skim. 


541 6 lbs. dairy products. 


But dnce only 18% of the mix is accounted for in the sugar, gelatin 
and wat^, we must still account for 82% of it or 820 lbs. Hence, we 
mm^ add water enough to make this amount. 

829 

541.6 

5fc?S.4 Ibe. water to be added. 
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Example 5a. (Maximum Amoimt of Cream) 

Tbe maximum amount of cream will be used if cream only is used 
as a source of fat and this problem is solved in example 5 above. Of 
course, if the cream is very rich, say 30 to 40%, water will have to be 
added. Example 5 shows how to compute the amount of cream and 
condensed skim and how to find the amount of water to be added. 


Example 6 . (Condensing Problem) 

No condensed product is used, but the mix is first made up larger 
than it should be finally and then condensed. Since no condensed 
product enters into this mix, there is no formula for Z. The formulas 
for X and Y follow : 

105-10 5e 10 5^i-10a 

X-— — XM Y = — XM 

bd—ae bd—ae 


where the letters have the usual meanings, as explained on page 61. 

To make 1000 lbs. of standard mix using 4% milk and 40% cream 
and condensing down, thus: 


a=4 

5=40 

c = 0 (does not appear) 


d=8 8 
e=5 35 




From table 


Substituting in the formulas for X and Y : 

10X40-10 5X 5 35 400 -56.17 

X= — y X10Q0=— — — XlOOO 


40X8 8 -4X5 35 
343.83 


330.6 


352-21.4 

XlOOO = 1040 lbs. milk 


10 5X8 8-10X4 92.4-40 

Y = yyy-y X1000 = -——— XlOOO 


330.6 
52 4 


3^.6 


330 6 

XlOOO = 158 5 lbs. cream. 


1040 lbs. milk 
158.5 lbs. cream 

ISO lbs. sugar, gelatin and water ( = 18% of 1000 lbs.) 


1378. 5 Total to be condensed down to 1000 lbs. 


Example 7. (Cream, Skim and Condensed Skim) 

To make 1(X)0 lbs. standard mix with following ingredients. 
30% cream, 

Plain skim, 8.9% M.S.N.P. 

32 % condensed skim 
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The formulas of Case I, page 62, are used, where the skim milk takes 
the place of the whole milk. 


Hence, 


a=0 
6=30 
c=32 
{^=8.9 I 
e=6.2 [ 


2.7=rf-e. 


The formulas become: 

lOb+lO 5(d-e)- 82 bd 
b{c-d) 

10 5M 

Y== — — . X= . 82M- (Y+Z). 

b 


Substituting in the formulas, 

10X30+10.5X2. 7-. 82X30X89 

xiooo. 

32.0 
8.9 


23.1 

X30 


Henom. 69S.0)mAl{.1679 


lOOOX. 1579-157.9 or 158 lbs. con- 
densed skim. 


30 =“^=350 lbs. cream- 

350 .82X1000=820 

+158 X=820-508=312 lbs, skim. 


508 lbs. 


30(32-8.9) 


10 5 .82 

2.7 X30 

30 

10 735 24 60 

210 8,9 

300 

28.35 28.35 2214 

1968 

328.35 

218.94 218.94 


Num. 109 41 
Finding Y : 

10.5X1000 10500 


Cl^ck: 30% of 360 lte.=105 lbs. fat from cream, which checks, as 
tliB fsmm is the only source of fat. 

f 6.2% d 350 lbs. = 21.70 from cream. 

M.S.N.F. I 8.9% of 312 Ib6.= 27.77 from skim, 

[ 32% of 158 Ibe. = 50.66 from ccasd^ised skim. 


100. (B ibs. total winch checks 100 lbs. 
reqiured. 
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Examples, (Left Overs; One may have a certain amount of 
cream or milk or both left over which must be used in the mix.) 

To make 1000 lbs. standard mix using: 

60 lbs. left over 35% cream, 

50 lbs. left over 20% cream, 

150 lbs. left over 4% milk, 

and enough 3. 8% milk and 40% cream and 30% condensed skim to make the 
mix. It is necessary to find first how much fat and M.S.N.F. are contained 
in the milk and cream left over which must go into the mix. 

35% of 60 lbs. =21 0 lbs. of fat from cream, 

20% of 50 ibs. = 10 0 lbs. of fat from cream, 

3 8% of 150 lbs. = 5 7 lbs. of fat from milk, 

36 7 lbs fat accounted for. 

10 5% of 1000 =105.0 lbs. fat required altogether. 

105 0 lbs.— 36 7= 68.3 lbs. still needed. 

68 3-f-lOOO = 0683 or 6 83%; that is, the fat still needed equals 

6.83% of the 1000 lbs. mix. 

Hence, the 6 8% (close enough) takes the place of the old 10.5 in the 
formulas of Case I. 

Similarly for M.S.N.F. 

5.8% of 60 lbs. = 3.48 M.S.N.F. from cream. 

7. 1% of 50 lbs. = 3. 55 M.S.N.F. from cream. 

8.8% of 150 lbs. = 13 20 M.S.N.F. from mUk. 

20. 23= M.S.N.F. accounted for, 

10% of 1000 lbs. = 100 lbs. M.S.N.F. required altogether. 

100- 20. 23 = 79. 77 or 80 ibs. M.S.N.F. still needed. 

80 -MOCK) =.080 or 8%. 


Hence the 8.0 takes the place of the old 10 in the formulas. 

Now, as usual with the standard mix, 82% of it consists of dairy 
products amounting to 820 Ibs. The 60+50+150 to be used amoimts 
to 260 Ibs. 

Hence, 820 lbs. — 260 lbs. or 560 lbs, equals amount still needed. 
560“^ KKX) — .56 which takes the place of the old .82 in the formulas. 

Hence, the formula for Z, Case I, page 62, is: 

8.0(5-a)+6, 3(d-e) - . 56(5d-fl«) 

2^ 77 r-53 7 XM 

c(o— a) — (od— oc) 

(6.8- 56a)M+aZ 


6.8M-bY 

X= 

a s ; 

V ' t 1 
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The problem now is to find how much of the 3.8% milk, 40% cream 
and 30% condensed skim must be used to make up the 560 lbs. still 
needed, which is done by substituting the proper values of a, h, etc., in 
the formulas as ^viitten above. 


In this particular example : 



a=3 8 

40.0 


5=40 

3 8 


c=30 


From 

;d=S 8^ 

36 2 

Table 

^ e = 0 35 

X8 


289 6 
+23.5 


313 1 
185 75 


127 35 = Num. 


( X40 


3 45 352 0 

X6 8 

/ 5.35 

2070 ^^“"1X3 8 

276 

1605 

23.45 428 


20 33 

352 0 
-20 3 


331 7 =bd—ae 
X.56 


16585 

1990 


: 185.75 

Finding Denom.: 
c{b a)-| 

1086 0 
bd-ae 331.7 


754. 3= Denom. 

127.354-754.3 = 168.8 lbs. condensed skim required. 


Finding Y: 


Finding X: 


.56 

168.8 

3.8 

3.8 

168 

SOU 

45 

1350 

2.13 

641.4... 

6 80 


2.13 



4.67X1000=4670.0 

641.4.. 


6— «=56.f)6311.4(X4^. 7 lbs. cream. 


6.8X1000 = 6800.0 
5Y=40X146. 7=5868.0 


Check: 


S 5)932.0^5 S lbs. milk 
245 3 
146 7 
168.8 


560 8 lbs. which checks the 560 
lbs. needed (near enough.) 


Vai f ^^0 of 146 7 = 58. 68 from cream, 
\ 3.8% of 245 3= JJ2 from milk, 

68 m Total, 

which checks the 68.3 lbs. needed: 


of 168. 8=50 65 lbs, from skim, 

5. 35% of 146.7= 7. 85 lbs. from cream, 
8, 8% of 245. 3=21.60 lbs, from milk, 
80.09 lbs. Total 

M.S.N.F., 

which checks the 80 Ibe. needed. 
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Example 9. (Having to use a given amount of Sweet Butter and 
Cream) 

To make 1000 lbs. of standard mix, using 
100 lbs. sweet butter, 83% fat; 

50 lbs. of 25% cream with enough 40%cream (no whole milk) 
and 32% condensed skim to make the mix. 

It is necessary first to find how much fat and M.S.N.P. the given 
ingredients contain, then to find how much must be furnished by the 
u nkn own 40% cream and condensed skim. 

83% of 100 lbs.= 83 lbs. fat in the butter. 

25% of 50 lbs. = 12. 5 lbs. fat in the 25% cream. 

95.5 lbs, fat in both. 

10.5% of 1000 lbs. =105 lbs. in the mix. 

105-95.5=9.5 lbs. fat still needed. 

Since this 9.5 lbs. of fat is to come from 40% cream, 9.54-. 40 =23.75 lbs. 
of 40% cream needed. 

100+50+23 75=173.8 lbs. total cream and butter. 

Now, in order to use the formulas, and thus avoid" ‘^cutting and 
trying,’^ it is necessary to find what this cream and butter test, both 
in fat and M.S.N.F. 

1054-173.8 = 60.4% fat = 6 in the formulas. 

The 25% cream tests 6 68% or 6.7% M.S.N.F. by the table and the 
40% cream tests 5.35% 

6, 7% of 50 lbs. = 3.35 lbs. M.S.N.F. in 25% cream. 

5.35% of 23.75 = 1. 27 lbs. M.S.N.F. in 40% cream. 

Total =4 62 lbs, M.S.N.F. in cream and butter. 

Now since no milk is used, a and e are Zero (=0). 

Hence: 

a=0 d=Q 

6=60.4 e=2.65 

c=32 

Y, the cream and butter is already known, namely 173.8 lbs. and 
the formula for Z becomes: 

106-10. 5e 
Z= ; XM. 
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Substituting the new values of b and e in the formulas for Z, 


10X60 4-10 5X2.65 
32X60.4 


XIOOO. 


26 5 

X1Q14 

60.4 

XIO 26 5 

1.32 

604 0 

27 82.. 27.82 


60.4 

32 


120S 

1812 


Nuiii,=576.18 1932.8=Denom. 

576.18-M932.8-.298 
lOOOX. 298 = 298 lbs. condensed skim. 

Check as usual. 


Special Problem in which given amounts of two or three ingredients 
are used, and which can be solved without either the algebraic formulas 
or ^'cutting and trjdng.^' 

Example 10, (Given amounts of two or more ingredients) 

To make 1000 lbs. of standard mix with the following given amounts 
of milk and cream. 

200 lbs. of 4% milk 

100 lbs. of 3% milk 

100 lbs. of 35% cream and enough 40% cream and 30% skim to 
make the mix. 


Solution: 

4% of 200 lbs. =8 lbs. fat, 
3% of 100 lbs. =3 lbs. fat, 
35% dl iOO lbs. =35 lbs. fat. 


46 lbs. fat in given ingredients. 

105 lbs,— 46 lb6.=^ lbs. fat still to come from 40% cream. 
09 =172.5 lbs. d 40% cream needed. 

8,8% of 200 Ibe, = 17.6 lbs. from 4% milk, 

8,6% oi 100 lbs. = 8.6 lbs. from 3% milk, 

6.8% of 100 lbs. = 5.8 lbs, from 35% cream, 

6,3^ d 172.5 =9.2 lbs. from 40% cream. 


41.2 lbs. provided for. 

IOO Ibe. —41. 2=58. 8 Ibe, M.S.N.F. still to come from condensed skim testing 
30%, 58. 8 lbs. . 30 = 196 lbs. condensed skim. 

Hence 172.5 lbs. of 40% cream and 196 lbs. of condensed skim are 
needed in addition to the given ingredsents. 
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Other Standards: The formulas and iniles given above can be 
applied to other standard mixes than the one used thus far in this 
bulletin. 

Example: To make 1000 lbs. (or any other amount) of mix which 
shall contain the following: 

12% fat. 

11% M.S.N.F. 

14% sugar. 

0. 5% gelatin with no water. 

14% sugar-fO.5 gelatin=14.5%. 


Hence, the dairy products must constitute 100% — 14.5% =85.5% 
or .855 of the mix and the numbers 12, 11, and .855 simply take the 
place of 10.5, 10 and .82 in the formulas of Case I and Case 11. Thus 
the formulas of Case I become: 


nib-a)+l2id-e)-.S55{bd-ae) 
c(5— a) — (6(i— oe) 


'XM, 


where a, 6, c, etc., have the same iiheani^pas in previous examples, 
and M is 1000 or 750 or any other amount of mix desired. 

(12-.85a)M-faZ. 

^ ^3^ 

(12M~6Y). 

X= 

a 


The rules on pages 64 to 66 apply here also. 

Thus in step 2, the r^ult of step 1 is multiplied by 11 under this 
standard, instead of 10: and in step 9, the result of step 8 is multiplied 
by .855 instead of .82, and so on. 
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ACTIVITY IN THE APPLE 
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INTRODUCTION 

This paper reports an attempt to determine, by defoliation 
methods, to -what extent cambial activity and storage of food are 
correlated. There have been observations along this line for many 
years, which have been ably summarized by Kmudson/ Harper,^ 
Grossenbacher,^^ Andre/ and Robbins.^^ The present state of knowl- 
edge, as judged from these and other less intimately related papers, 
seems to be a well-defined idea that cambial activity is dependent on 
leaf activity. 

Wieler^^ found that covering three or four-year-old trees of Quercus 
sessUiflora before leaf development in spring, by means of boxes lined 
with black paper, caused a reduction in diameter growth as compared 
with cheeks. Jost (cited by Grossenbacher®), removed the terminal 
buds and thereby caused failure of radial growth in pine. Harper^ 
observed the effects of successive defoliations of the larch by insects 
which caused first, a reduction in thickness of the cell walls and then, 
a decrease in the width of the annual rings until, in a few years, 
growth ceased entirely. 

A report by Harvey^ which is closely allied, and in some respects 
very similar, to the paper here presented, has recently appeared. 
Defoliation was fonnd to accelerate or retard growth as measured 
by terminal elongation, according to the stage of development of the 
shoot. This criterion of growth makes direct comparison difficult 

* Also presented to the FactiRy of the Graduate Behoo! of OomeH 
ia partial foigUmeat of the requirements for the degree of Doctor of ^ 
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between Harvey’s work and that here reported. There may not be 
a particularly good correlation between terminal and lateral growth. 
(See tables 8 and 9 below.) Differences in methods and materials 
also may account for the somewhat different results obtained. How- 
ever, the hypothesis he developed for the unification of his results, 
that is, the carbohydrate-nitrogen ratio, should be generally appli- 
cable. This phase will receive attention later in this paper under 
Discussion and Conclusions. 

The above citations include the chief contributions having an 
immediate bearing on the present problem. With the exception of 
the work of Harvey, the results are practically all “qualitative” in 
character. Quantitative data on the cheeking of diameter increase 
by defoliation were considered necessary as a foundation for any 
further development of the facts involved in this phenomenon, par- 
ticularly with regard to change in composition that might prove to be 
associated with it. 

MATERIALS AND METHODS 

For the purpose of this investigation, trees were selected in the 
spring of 1922 from a six-year-old McIntosh orchard at the New Tork 
Agricultural Experiment Station, at Cornell University, Ithaca, New 
York. Because of the youth of the trees, there was no fruit produc- 
tion to interfere with vegetative relationships. Pour of the trees had 
all of their leaves removed as soon as they appeared in the spring, 
that is on May 3. As new leaves appeared subsequently, they were 
also removed. Another group of four trees were allowed to grow 
nomally until June 6, when they also were defoliated and kept bare 
as in the previous series. Four other trees were half defoliated, i.e., 
had ail the leaves from half of the tree removed, on the same dates as 
the whole trees. Material was collected from these trees at intervals 
of from one to two weeks from the latter part of April until Septem- 
ber 8, 1922, and consisted usually of ten one-year-old twigs from each 
tree. 

Portions of each twig were taken from the apical, middle and 
basal regions, each about 1 cm, in length. The remainder of each 
twig was prepared for analysis as described below. These 1 cm. 
pieees were killed in 50 per cent alcohol. The alcohol was removed 
hy washing in water, and the pieces were then treated with hydro- 
fluoric acid for two weeks. The acid was then washed out with water, 
^and the pieces placed in glycerin and alcohol (one-half glycerin, one- 
half 95 per cent alcohol, by volume) . They were sectioned from this 
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mixture, without imbedding. It was found that sections twenty-five 
to thirt3"-five microns in thickness could be readily cut in this way, 
and that this was thin enough for the purposes of this work. This 
method did not permit, however, any measurements being made on 
the bark other than its total thickness. Safranin and haematoxylin 
were used for staining in most cases, phloroglucin being used for some 
of the temporary mounts. 


MEASUREMENT OP CAMBIAL ACTIVITY 

Each section was measured by means of an ocular micrometer. 
Data %vere recorded for the thickness, measured along a radius, of 
the pith, one-year-old wood, new wood and bark. About fifteen sec- 
tions wxre placed on each slide and were measured for each of the 
three pieces from each twig. An average for each slide was arrived 
at w^hich was a mean of fifty to seventy-five measurements. The 
means of new wood measurements were then grouped and treated 
statistically, their mean wdth its probable error being ascertained 
(table 1). The differences betw^een those of the cheek and those of 
the other series collected on the same day are given in table 2. The 
means of these classes are plotted, for the new wood, in figure 1. The 
data for the halves of trees are given in table 3. 

TABUS 1 

Efpect op Defoliation on Ealial Growth in New Wood op One-Yeiak-Old 
Twigs op McIntosh Apple in 1922 


Date 

Check 

Defoliated May 3 

D^oliated, Juiie 8 


MicroTtB 

Microru 


Miarona 

Apr. 19 





May 3 

13.9 rh 2.5 




May 12 

72.7 ± 3.9 

66 0 ± 

2.8 


May 24. 

266.3 db 9.2 

134.6 ± 

6.3 


June 6 

480.2 ± 15.7 

116.6 ± 

5.1 


June 20 

582.5 ± 17.9 

113.4 ± 

5.5 

476.6 ± 11.7 

June 30 

543.5 i 14.4 

140.1 ± 

7.4 

398.2 ± 11.7 

July 11 

927.0 zk 34,1 

123.1 ± 

2.1 

492.5 ± 14.9 

July 20 

913.7 zfc 29.9 

130.0 ± 

7.0 

567.2 ± 12.8 

Aug. 4 

1100.6 =t 31.9 



545.1 ± 12.8 

18...... 

781.8 =±: 25 6 




Sept. 8 

819.9 ±37.3 

133.5 ± 

5.2 

519.7 ± 14 '9 


These data are shown graphically in figure 1, 



S4 Hiltj<trd>a [Vol. 1, INTo. 5 



Fig. 1. The effect of defoliation on radial increase of iie'w wood of 
one-year-old twigs of McIntosh apple. 


TABLE 2 . 

Differences Bet'wfj:n Treated and Check Series, and Between Treated Series 


Date 

Difference between 
check and defoliated 
May 3 

Difference bet-ween 
check and defoliated 
June 6 

Difference between 
defoliated May 3 and 
defoliated June 6 


Microna 

Microna 

Microna 

May 12 . 

6 7 ± 4 8 



May 24 

131.7 ± 11.4 



June 6 

363 6 ± 16.5 



June 20 . 

469.1 ± 18.7 

106 9 i 18. 7 

362.2 zb 12.9 

June 30 . , . 

403.4 ± 16.2 

145 3 zb 18 5 

258.1 zb 13.4 

July 11 

803.9 ± 34.2 

434.5 zb 37.2 

369.4 zb 15.0 

July 20 i 

783.7 zb 30.7 

346.5 zb 32 5 

437 2 zb 14.6 

Aug. 4 


1 555 5 zb 34.3 


Sept. 8 

686 4 zb 37.6 

300.2 dr 40.1 

386.2 zb 15.8 


TABLE 3 

Mbastjbsments on Check and Defoliated Halves of Trees of McIntosh 
Apple in 1922 — Measurements of New Growth of One-Year-Old Twigs 


Data 

Check half 

Defoliated half 

Difference 


MicroTW j 

Microiu 

Microna 

June 8* 

460 4 zb 17-9 

135.4 zb 9.6 

325 0 ± 20.3 

June Sdf 

630.9 zb 22.4 

521.8 ± 33.5 

109 1 ± 40.3 

Jmie 28*. 

944 8 zb 31 9 

152.8 ± 12.8 

792.0 ±34.4 

July 31* 

1274,6 zb 68.3 

148.5 ± 19.2 

1126,1 ± 70.9 

Aug. iOf -T. j 

1237.6 dr 45.8 

635 3 ± 26 6 

602 3 ± 52. 4 


* Defoliated May 3, f Defoliated June 6. 
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Caliper measurements were made on two defoliated and two cheek 
trees. The data (table 4) show the same tendencies as those obtained 
by micrometer measurements up to the middle of July. After that 
there was an increase in the cheek, due probably to maturation and 
swelling of bark tissue. 

TABLE 4 

Diameter of Twigs as Shown by Caliper Measurements in Millimeters 


Date 

Check trees 

Defoliated trees 

2A 

1C 

3A 

4A 

May 3. 

4 83 db .25 

6.28 ± .47 

5 46 rb 41 

5.80 ± .21 

June 6 

5 73 ± 33 

7.02 ± .49 

5 66 ± .42 

5 92 ± .23 

June 26 ... 

6 20 ± 29 

7 24 ± 52 

5 68 ± .42 

5 98 ± 23 

July 20 

6 30 ± . 29 

7.70 ± .59 

5 66 rh .42 

5 98 ± .23 

Aug. 18 

6 51 ± 33 

8.02 ± 65 

5 58 =h .40 ! 

5 96 ± 23 

Sept. 8 

6 SO ± . 33 

8 32 ± .59 

5 64 ± 42 

5 96 zt .23 


The results recorded in tables 1, 2, 3, and 4 show clearly that 
growth is entirely checked within about two weeks as a result of 
defoliation. It is obvious that the growth that did occur was due to 
food from the stored reserve, since none was available from new 
leaves. Furthermore, the cessation of growth w^as not due to the death 
of the twigs, since they were able to continue to push out new leaves 
until the last of summer. 

In order to be certain that the error due to unconscious selection 
of larger twigs in one series than in another was not a factor, the 
radii, exclusive of new wood, were compared. It was found that the 
average difference was 5zt;53 microns. This may be taken to show 
conclusively that differences in twig size are due to random sampling 
only, and play no significant part in the results reported. 

A second set of trees in the same orchard was defoliated on May 4, 
1923, as soon as the leaves unfolded. The methods were the same as 
those employed the year before. Collections were made on May 4 
and 28 and on June 12, The data for this material are given in 
table 5. 

TABLE 5 

Effect of Defoliation on the Bahial Growth of New Wood of the 
One-Year-Olh Twigs of McIntosh, 1923 


Date 

Check 

Defoliated 

Difference 

May 4 

MierOTts 

0.0 

Microns 

Micron * 

May 28 

154.0 db 5 80 

96.0 ±5.10 

58.0 ± 7.70 

June 12 

347.0 =b 13.60 

138 0 ± 6. 10 

209.0 ± 14.90 
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Another set of data was taken on different material. In this case 
one-year-old apple seedlings were grown in the greenhouse. This 
experiment was not highly successful because of the low percentage 
of trees that was brought out of the rest period at nearly enough the 
same date to be comparable. The trees were handled as follows: 


November 11, 1922 — Dug and heeled in out-of-doors. 

January 30, 1923 — Heeled in under greenhouse bench. 

February" 27, 1923 — Potted in garden soil, ten trees to a seven-inch 
pot. 

TABLE 6 


Badial Growth or New Wood op Oxe-Year-Old Seedlings Grown in 
Greenhouse, 1923 


Date 

1 

1 

Check 

2 

Defoliated 

through- 

out 

3 

Defoliated 
from April 
13 on 

4 

Defoliated 
to .Apnl 13 
then 
allowed 
to grow 

5 

Same as 
Column 4 
except de- 
foliated 
again after 
May 15 

6 

Same as 
Column 3 
except 
allowed to 
grow again 
after May 15 

7 

Buds re- 
moved as 
growth 
started 

Apr. 25. 

134=t:18 3 







May 7 . 

158d=13.4 

83=bl5.6 





15db3.2 

May 25 . 

219±20.6| 




144±13.4 

160=fc2i.6 


May 30. . .. 

i 

115dbl2.4 





63=fc7.8 

June 7 

m±2i.2 

llldblO.ol 

111±16.3 

266=t:21.1 

134±n.5 

169=1=19. 3 1 



Of a total of nearly five hundred trees potted, about a third had 
to be discarded completely. Those remaining were divided into sev- 
eral series, as follows : 

1. Check; no treatment. 

2. Defoliated as in the experiments recorded above. 

3. Defoliated after having grown normally until April 13. 

4. Defoliated until April 13, and then allowed to grow normally. 

5. The same as 4 until May 15, then defoliated again. 

6. The same as 3 until May 15, then allowed to grow normally 

again. 

7. All of the buds removed before they had unfolded. 

Collections were made at irregular intervals and treated as in the 
earlier experiment. There was a much higher variability in this 
material than in the material taken from the orchard. This fact may 
perhaps be ascribed to genetic differences among the seedlings, as 
contrasted with the homogeneous constitution of the other population. 
This high variability rendered differences less obvious. Such differ- 
ences as were found were, with a single exception, in the direction of 
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the results recorded above. The data obtained from these seedlings 
are of little value by themselves, but tend to support the other data. 
The data from the sections of these trees are found in tables 6 and 7, 
The most striking result appears in series 7, that having the buds 
removed, where a large number of trees failed to survive the treat- 
ment. Of those that did survive few made more than a slight amount 
of growth. 

TABLE 7 


Differences Between Check and Treated Trees 
(Treatments numbered as in table 6) 


Date 

Treatment 

Difference from check m 
microns 

May 7 

2 

75 ± 20 5 

May 7 

7 i 

143 db 13 8 

May 25 

6 

59 ± 29 8 

May 25 

5 

75 ± 24 5 

June 7 

2 

87 =b 23.4 

June 7 , 

3 

87 ± 26 7 

June 7 

6 

29 dt 28.6 

June 7, . . 

4 

+68 d= 29 9 

June 7 . 

5 

64 zb 24 1 


TABLE 8 

Terminal Growth of Seedlings 


Date 

Series 

Number 
of trees 

Number 
of buds 

Total 

growth 

(Cm) 

Growth 
per tree 
(Cm) 

Growth 
per bud 
(Cm.) 

Mar. 28 

1 

49 

247 

271 

5.5 

1 09 

Mar. 28 . . 

2 

10 

34 

23 

2.3 

67 

Mar. 28 . 

3 

4 

17 

17 

4 3 

1,00 

Mar. 28. 

4 

12 

71 

37 

3.1 

.52 

Mar. 28 , 

6 

17 

77 

71 

4.2 : 

.91 

Mar. 28 

5 1 

20 

95 

72 

3 6 

.76 

Apr. 13 . 1 

1 ! 

61 

292 

601 

9.8 

2 13 

Apr. 13 - 

2 i 

27 

139 

150 

5.5 

1.08 

Apr. 13 

3 

5 

24 

14 

3.8 

,58 

Apr. 13 

4 

16 

104 1 

308 ; 

19.2 

2.96 

Apr. 13 . . 

6 

20 ’ 

94 

107 1 

5.3 

1 1.14 

Apr. 13 . . . 

5 

29 

152 

385 

13.3 

1 2 53 

May 7. . . 

1 

15 

99 

303 

20.2 

1 3 06 

May 7 .. ... . 

2 

8 

55 

130 

16.2 

; 2.36 

May 15 . . , . 

1 

37 

144 

560 

15.1 

3.88 

May 15 

2 

I 32 

137 

m 

9.7 

2.25 

May 25 . .. 

6 

! iO 

71 

\ m 

^.8 

3,77 

May 25 

5 

10 



24.0 

2,61 
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In addition to those of radial increase, measurements were made of 
terminal growth on this material. Some of these measurements are 
given in tables 8 and 9. 

TABLE 9 

COilPARISOX OF BaDIAL AND TERMINAL GROWTH 


Bate 

Series 

Tree No. 

Total terminal 
groTAth per tree 
(Cm ) 

Num- 
ber of 
buds 

Growth 

per 

bud 

Radial 

growth 

(Microns) 

May 7 , , 

Check . 

I 

10 

4 

2 5 

166.0 



II 

7 

8 

88 

141.1 



III 

35 

8 

4 38 

224 1 



IV 

25 

7 

3.77 

107.9 



V 

15 

1 

15,00 

141 1 



VI 

30 

12 

2.50 

74 6 



VII 

30 

15 

2 00 

149.4 



VIII 

30 

4 

7 50 

249.0 



IX 

10 

4 

2,50 

166 0 



X 

20 

6 

3 33 

166 0 



Average . 

21 2±2 16 


4 44± 877 ! 

168.5d=33.7 

May 7. . 

Defoliated 

I 

10 

5 

2 00 ! 

49.0 



11 

12 

2 

6.00 ; 

33.2 



III 







IV 

18 


3.00 

66.4 



V 

20 

12 I 

1.67 

99 6 



VI 

28 

18 : 

1.55 

24.9 



VII 

25 

5 i 

5 00 

58.1 



VIII 

2 

5 1 

.40 

24.9 


i 

Average. . 

16 4±2 29 

i 

2.80d=.513 

50 9± 6.8 


1 

i 

Difference . 

4.8±3.14 

i 

1 64i 1,016 

107.6=h35.8 


No definite correlation can be seen between radial and terminal 
growth, either total or per bud, nor was terminal growth governed 
so cloeeiy by the treatment* This lack of correlation may be due to 
the high variability of the material, however, and cannot be given too 
much weight. The fact that Harvey found a correlation between 
length growth and treatment tends to discount these results, since he 
worked within a clone, and should have had much more uniform 
material. The fact that terminal growth can continue after lateral 
growth has ceased indicates either a difference in ability to utilize 
such food as is present or a distribution of food in greater concen- 
tration to the terminal meristems. 
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The appearance of the ^vootl formed after defoliation was iiineh 
like that observed in the larch by Harper, viz., that it was thin-Avalled 
and resembled s])ring wood. This Avas especially noticeable in the 
series defoliated June 6, 1922. This type of Avood was formed after 
summer Avood formation had begun. There Avas no cAudence that 
Avails, thickened before defoliation, lost any material afterwaxxls. 
Spring wood was also quite noticeable in series 6, which had two 
grOAvth periods, where false annual rings AA'ere common. 

A final set of material was collected from Red Astra eh an apple 
trees located at the UniAnrsity Farm, Davis, California, in the spring 
of 1924. The period coAnred by this series Avas from l^Iarch 7 to 
April 22, the critical period in the ditf e rent iat ion of the treated and 
untreated series. These trees were five years old. All treatments 
were given to halves of trees. Sufficient sections Avere made to deter- 
mine that the response Avas the same as in the previous material 
sectioned. 

These facts bring out clearly that cambial activity is dependent 
on the presence of leaA^es for its normal functioning. There is lacking 
the ability to function without the cooperation of the leaA^es. 

The remainder of the work presented deals Avith the analysis of 
the material collected to determine Avhether or not any one of the 
groups: reducing sugars, non-reducing sugars, starch, hemi-ceiluloses 
or total nitrogen, can be designated as the limiting factor of growth 
under these conditions. 


METHODS OF CHEMICAL ANALYSIS 
Preparation op Material 

The eoReetions from the orchard made in 1922 were separated 
into wood and bark before further treatment was giATn. After find- 
ing that the curves for the two sets of analyses largely paralleled each 
other, it Avas decided to analyze the later series without this sep- 
aration. This proved to be unAvise, since the Amrying proportions 
of wood and bark introduced a A^ery large error and the variability 
Avas found to be excessive. The material collected in California was 
divided into vrood and bark. It is apparent, therefore, that the 
greater weight must be given the 1922 series and the 1924 seri^ 
The wood and bark, and later the tAvigs as a Avhole, were dried 
at 78° to 80^ C. This material was then ground to a coar^ 

A simple and very satisfactory device was used for grinding the 
A large pencil sharpener was connected to a motor through a 
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tion gear. Thi« gave a fairly uniform coarse powder that was fine 
enougli to be readily extracted and coarse enough to be held by the 
alundum extraction thimbles. The bark was ground in a small coffee 
mill. 


Analytical Procedure 

For sugars, it was found that three hours’ extraction in a Soxhlet 
extraction tube, with 95 per cent alcohol, gave complete removal. The 
time was determined by repeating the extraction with a second por- 
tion of alcohol, and determining the time beyond which no further 
power of reducing Fehling’s solution was evident in the second 
extract. After extraction, the usual process of replacing the alcohol 
by distilled water, precipitation with neutral lead acetate, deleading 
w’ith sodium sulphate, carbonate or oxalate, and estimation of reduc- 
ing sugars by means of the Munson and Walker gravimetric method, 
was followed. It was found that filtering the solution through 
asbestos in a Gooch crucible gave such satisfactoiy elimination of 
organic materials that oxidation of the cuprous to cupric oxide gave 
no better results. 

Total sugars were estimated by the same method, except that 
inversion of disaceharides was necessary. For this process the usual 
procedure of heating with normal hydrochloric acid to seventy degrees 
for fifteen minutes, followed by neutralization with sodium carbonate, 
was followed. 

Each analysis is a composite of all twigs of each series collected 
on a given date. The average of duplicate determinations is given 
in each case except for those indicated, where a single sample was 
available, The variability in sampling was apparently insignificant. 
Starch extraction was found to be satisfactorily accomplished by a 
slight modification of the method of Sabion.^^ The material, after 
the sugars had been extracted, was freed from alcohol. The residue 
was wet with distilled water and autoclaved for two hours at fifteen 
pounds pressure. The time, two hours, was arrived at by experiment. 
Different lengths of time were tried, the other factors being the same. 
After extracting the products of digestion, the process was repeated. 
It was found that an hour and a half w^as about on the borderline 
between giving nothing and giving a slight amount above the blank. 
It seems necessary to partially disrupt the cells in order to allow 
the enzjune to come into contact with the starch. The material was 
cooled. Taka-diastase was added and the mixture allowed to stand 
overnight at room temperature. One hundred milligrams of taka- 
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diastase were used iu eacli ease. At this point every sample was 
examined mierochemicaily to see whether or not the starch had all 
disappeared. In a very few cases it was necessary to repeat the 
process before going farther. 

The solution was separated from the residue and treated as for 
total sugars. The acid hydrolysis was deemed necessary because 
Davis and Daish- found dextrins to be present after dige.stion and 
to be removed to a certain extent by the process of precipitation. 

Hemi-ceUuloses were estimated by digesting the residue from the 
starch extraction in normal hydrochloric acid under a reflux con- 
denser for three hours. The acid ivas neutralized with sodium car- 
bonate and tlie solution treated as for reducing sugars. 

Total nitrogen was determined by means of the phenol-sulphuric 
modification of the Kjeldahl method. 


RESULTS OF CHEMICAL ANALYSES 
1. Bed lid ng Sugars. 

The results from the determination of reducing sugars, expressed 
as dextrose in per cent of dry weight, are given in table 10. 

TABLE 10 

Effect of Defoliation on the Reducing Sugar Content of One-Ye.ae-Old 
Twigs of WcIntosh Apple, 1922. Whole Trees Treated 


Percent of dry weight as dextrose 


Date 

Check 

Defoliated in May 

Defoliated in June 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

June 6 

49 

1 66 

.18 

84 



June 20 

.60 

2 61 

.17 

1 14 

47 

1.65 

July 11 

.47* 

2 16* 

.22* 

1 16* 

25* 

1.04* 

July 20 

.41* 

1 61* 

.27* 

1 65* 

45* 

1 66* 

Aug. 4 

26 

1 66 



.29 

1.48 

Aug. 18 

.30 

1.71 





Sept. 1 

.24 

1 27 





Sept. 8 . 

.26 

1 47 

38* 

I 79* 

.44* 

1 . 83 * 


* Single determination. 


The same data are shown graphically in figure 2. The data for 
half trees collected June 8 are: check, wood ,74 per cent, bark 2,29 
per cent; defoliated, wood .46 per cent, bark 1.24 per cent These 
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cover only 1922 material and only a poidion of tliat because of tlie 
lack of material. The points indicated by these analyses are: • 

1. The concentration of i*educing sugars is very much greater in 
the bark than in the Avood. 

2. At the period covered by these analyses, i.e., from more than ^ 
a month after growth started until the end of the season, the coneen- 
tration of reducing sugars has been somewhat reduced in the de- 
foliated series, as compared with the check. It is unfortunate that 
the material for those collections made immediately after defoliation 



Fig. 2. EiTect of defoliation on reducing sugar content of one-year-old 
twigs of McIntosh apple. 


was exhausted before determinations for reducing sugar were made. 
The fact that some time had elapsed after defoliation makes the sig- 
nificance doubtful. However, the California material indicates that 
the reduction in amount takes place very soon after defoliation. 

3. The reduction in reducing sugars that is noticed does not 
appear to be sufficient to account for the cessation of eambial activitj^ 
which occrirred in every case of the 1922 series before the analyses 
were made. It would seem that the concentrations indicated are 
adequate for growth, from the data that are available on this point. 

4. Considered with the data for total sugars and starch presented 
below^, there is the suggestion that enzyme activity has been retarded. 
A partial inactivation of enzymee might account for the phenomena 
noted. 
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5. There are fluctuations of considerable magnitude between 
different collections. These seem to be readily accounted for only 
by the assumption of differences of this magnitude between different 
trees. 

2. Total Sugars. 

The data for total sugars are somewhat more extensive than are 
those for reducing sugars. The results of the analyses for the same 
material are given to table 11, 


TABLE 11 

Effect of Defoliation on the Total Sugar Content of One-Ye.^r-Old 
Twigs of McIntosh Apple, 1922. Whole Trees Treated 


Per cent of dry weight as dextrose 


Bate 

Check 

Defoliated m May 

Defoliated in June 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

Apr. 19 

.68 

3 35 





Mays . . . 

.59 

1 86 





May 12 

.79 

6.15 

1 18* 

6.05 



May 24 

.95 

4.14 

.77 

4.34 



June 6 

1.00 

3 98 

.65 

3.42 



June ^ 

,73 

3.63 

.45 

2.55* 

.79 

2.49 

June 30 

.65 

3.03 

43 

1 76 

.84 

1.95 

July 11 

.67 

2 84 

.37 

1 87 

.42 

1 76 

July 20 . 

.40 

2 54 

.34 

2 13 

.44 

2.67 

Aug. 4. .... 

.35 

1 95 



.38 

1.04 

Aug. 18 ... 

.38 

1.97 





Sept. 1 

.27 

2.21 





Sept. 8 

.35 

2 09 

.58* ‘ 

2 58* 

60* 1 

2.34* 


* Single determination. 


The data are shown graphically in figure 3. The results, as in the 
preceding case, are based on the percentage of dry weight, expressed 
as dextrose. For the June 8 collection of halves of trees, the per- 
centages are: Check, wood 1.25, bark 6.46; defoliated, wood 1.91, bark 
4.22. The results indicate about the same things as do reducing 
sugars. There is the same marked difference in concentration betweca 
wood and bark. There is a better basis of comparison between ched: 
and treated series through a more nearly unbroken series of detennia- 
ations. The differences are not so marked as in the case of redue^ t 
sugars. At the beginning of the season, when growth was stepgigig 
in the first series- defoliated, there was as much total sugar in ^ 
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in the other. Fluctuations are less also between collections. There 
is thus an even smaller suggestion than in the case of rediiemg sugars 
that the sugar fraction, at least as a group, is the limiting factor 
under the conditions of this experiment. 



Pig, 3. E^eet of defoliation on total sugar content of one-year-old twigs 
of McIntosh apple. 


3, Starch. 

The sequence of changes in the starch content is interesting from 
the point of view both of changes in the normally functioning plant, 
and of comparison with defoliated specimens. Table 12, and figures 
4 and 5 give these data expressed as starch (reducing sugar x ,9) in 
per cent dry weight. For the June 8 collection from halves of trees, 
the percentages are: Cheek, wood 5.94, bark 10.11; defohated, wood 
7.26, bark 11.93. The normal sequence is similar in most respects 
to the curves published by numerous workers in the past. There is 
the usual high initial concentration followed first by a drop almost 
to 2 ^ro and then by a gradual rise throughout the remainder of the 
season. The most striking thing about the analyses is the enormous 
fluctuation m the bark between successive collections. There is appar- 
ently a very high starch deposition in the cortical region of the bark, 
forming a considerable share of the r^rve. As was noted in the case 
of reducing sugar, there is a suggestion of inactivation of diastase. 
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The starch disappears more slowly from the defoliated series than 
from the check. This gives additional evidence, however, that it is 
not a lack of carbohydrates that is the limiting factor in the checking 
of grovJh. 

TABLE 12 

Effect of Defoliation on the Starch Content of One-Year-Old Twigs op 
THE McIntosh Apple, 1922. Whole Trees Tre-\.ted 



Fig. 4. Effect of defoliation on staxeh eontent of the wood of oae-year-old 
twigs of Mclntoeh apple. 
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Fig. 5. Effect of defoliation on starch content of the bark of ono-year-old 
twigs of McIntosh apple. 


4. Hemi-Celluloses. 

Tie analyses for hemi-cellulose (table 13 and fig. 6) show nothing. 
The half tree analyses are again in accord, June 8 halves given: 
Cheek, wood 22.98, bark 10.20; defoliated, wood 24.33, bark 10.69. 
The data again are expressed as dextrose x .9 in per cent dry weight. 
There are fluctuations, but they seem to be slight and of no sig- 
nificance. This series was early discontinued. If hemi-cellulose can 
be utilized as a reserve food, it seems not to have been in the case of 

TABLE 13 

Effect of Defoliation on the Hemi-obllulose Content of One-Year-Old 
Twigs of McIntosh Apple, 1922. Whole Trees Treated 


Per cent dry weight as dextrose x ,& 


Date 

Check 

Defoliated in May 

Defoliated in June 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

May 3 

19.10 

12.81 





May 1^ 

20.24 

12 14 

20.18 

11,55 



May 24 

20.88 

13.87 

21 46 

12.37 



June 6 

18.47 

11.52 

20.03 

13.00 



June 20 

19.02 

11 42 

17.98 

11.32 

18.81 

12.14 

June 30 

19.^ 


20.45 




July 11 

19.41 

12.06 

19.79 

11.83 

18.12 

12.28 
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this material. There certainly is nothing here to indicate carbo- 
hydrate deficiency. A point of interest, however, is the low content 
in the bark as compared to that of the wood. 



Fig. 6. Effect of defoliation on hemi-cellulose content of one-year-old 
twigs of McIntosh apple. 

5. Total Nitrogen. 


Finally, there are the analyses for total nitrogen expressed in 
per cent dry weight (table 14 and fig. 7). A large difference in the 
nitrogen content between the wood and bark is shown, in the same 
direction as in the case of the sugars. The total nitrogen content 
of the check series falls off steadily throughout the summer. The 
defoliated series, however, shows no such falling off. In the bark 
there is a gradual increase, and in the wood a slight decrease. The 
series defoliated in June, w^hile not showing the rise seen in the first 
series, does in the bark show a distinct check in the rate at which it 
falls off and maintains a generally higher level than does the check. 
The wood, with a much smaller content, is not so regular. There seems 
to be much less fluctuation between trees thap is the ease with 
carbohydrates. There is no suggestion whatever that total uitrogw* • 
is a limiting factor. ; 
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TABLE 14 

Effect of Defoliation on the Total Nitrogen Content op One-Year-Old 
Twigs op the McIntosh Apple, 1922. Whole Trees Treated 


Per cent dry wcit^ht 


Date 

Check 

Defoliated in May 

Defoliated in June 


Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

Apr. 19 


1 19* 





Alay 3 

51* 

1 24 





May 12 

53 

1 00 

59* 

1 08 



May 24 

51 

91 

69 

1 19 



June 6 . , 

.34 

92 

40 

1.17 



June 20 . . 

.43 

73 

61 

1 29 

38 

1 18 

June 30 

40* 

88 


1 61 


1 04 

July 11 

.42 

1 02 

48 

1 37 

.42 

1 13 

July 20 . 

14 

.59 

33 

1 16 

23 

84 

Aug. 4, 

10 

.62 



.13* 

.83* 

Aug, 18 . . 

.18 

60 





Sept. 1 

.18 

56 





Sept. 8 

27 

67 

.42 

1 23 

20 

82 

For halves of trees 
June 8 . . . 

30 

80 

.36 

1 04 



June 28 

20 

.67 

30 

.90 



June 26 . 

.21 

67 



23 

.68 

Sept. 10. .. 

14 

62 



.16* 

67* 


* Single determination 
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6. Carhohydrate-Nifrogen Batio, 

The only thing remaining to be done with these data, then, is to 
determine whether or not the carbohydrate-nitrogen ratio, or rather 
the starch-nitrogen or the sugar-nitrogen ratio, can be jDresented as a 
cause for the phenomenon. Table 15 shows the starch-nitrogen ratio 
for the collections up to and including July 20. Generally there is 
a higher ratio in the wood than in the bark. This is, of course, what 
would be expected. The ratio is uniformly lower in the bark of the 
defoliated trees than in that of the check. 


TABLE 15 

Effect of Defoliation on Starch-Nitrogen Eatios in One-Year-Old Twigs 
OF McIntosh Apple, 1922. Whole Trees Treated 


Date 

Check 

Defoliated in May 

Defohated m June 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

May 3. 

18 2 

4 4 





May 12 . 

2 2 

6 4 

5 4 

5 3 



24 ... 

3 1 

2 3 

3 5 

2.0 



June 6 

7 1 

6 1 

7 3 

4 6 



June 20 . 

6 7 

4.0 

2 4 

1 8 

3 6 

1 4 

June 30. 

9 9 

7 0 

1 

3 9 


4 4 

July 11 

7 4 : 

3 7 

3 8 

1 5 

4 1 

1.7 

Halves of trees 







June 8 

19 5 

12 5 ' 

20 0 

11 5 




The ratio of total sugar to nitrogen (shown in table 16) was 
calculated for the same material used for table 15. The ratios found 
for wood are again inconclusive. Those for bark are more consistent 
than were those in table 15, and all deviate in the same direction as 
do those in table 15, that is, the sugar-nitrogen ratio is less in the 
bark of defoliated series than in the corresponding checks. 

As has alrealy been indicated, the analyses of whole twigs are 
given little weight in this discussion. Therefore, the writer will be 
content to present the data in table 17 for the McIntosh orchard for 
1923 and table 18 for the greenhouse-grown seedlings with little 
comment. The former seem to show a slightly greater reduction in 
carbohydrates than was found in the previous season's analyses, but 
in general substantiate the earlier results. As was to be expected, the 
variability in composition of the seedlings is very much greater than 
in the other series. There are no seriously conflicting data. The 
series having the buds removed gave the most striking results, as it 



too H'llgaidia [Vol. 1, No. 5 

did in the growth measurements. It indicates, perhaps, that the 
difference in carholiydrates is more to be associated with the amount 
of material used in pushing out new length growth than with eamhial 
activity. This would account for the fact that this series shows such 
a slight reduction in carbohydrates as compared with those series 
which were allowed to form terminal growing points. 


TABLE 16 


Effect of Defoliation on the SuGAE-IsriTROGEN Eatios in One-Year-Old Twigs 
OF THE McIntosh Apple, 1922. Whole Trees Treated 


Date 

Check 

Defoliated in May 

Defoliated in June 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

May 3 . , 

1 1 

1 1 





May 12 

1.5 

6 1 

2 0 

5 7 



May 24 

1-9 

4 6 

1 1 

3 6 



June 6 . . 

3 0 

4 3 

1 6 

2.9 



June 20 . . . 

1 7 

4 9 

.7 

2.0 

2 1 

2 2 

June 30 ... 

1 6 

3.5 


1.1 


1.9 

July 11 . 


3 8 

8 

1 4 

1.0 

1 5 

Halves oj trees 







June 8 

4 2 

8 1 

2 5 

4 a 




TABLE 17 

Effect of Defoliation on the Chemical Composition of One-Year-Old Twigs 
OF the McIntosh Apple, 1923. Whole Trees Treated. 

Whole Twigs Analyzed 


Date 

Reducing sugars 
% dry weight 

Total sugars 
% dry weight 

Starch 

% dry weight 

Total nitrogen 
% dry weight 

Check 

Defoliated 

Check 

Defoliated 

Check 

Defoliated 

Check 

Defoliated 

May 4 

1,81 


1.91 


4.44* 


.73* 


May 28 . 

1.28 

.99* 

1.18 

94* 

.76 

.72 

.52* 

.61* 

June 12 .. , 

1.60 

.79 

1.78* 

89 

1.35 

93 

.52 

.63 


♦ Single determinations. 
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TABLE IS 

Effect of Defoliation and Disbudding on the Chemical Content of 
One-Year-Old Seedlings, 1923, Whole Twigs Used for 
Analysis. Per Cent Dry Weight 


Date 

Treatment* 

Reducing sugar 
% dry weight 

Total sugar 
% dry weight 

Starch 

% dry weight 

Total nitrogen 
% dry weight 

May 7 . 

1 

.79 

.95 

1 85 

56 


2 

48t 

.63t 

.87 

32t 


7 

68t 


00 

00 

—e 

,70f 

May 25 

1 

99 

1 11 

2 42 

.55 


5 

.52 


.83 

53 


6 


1 18 

.60 

.50 

May 30 . . . 

2 




.5it 


7 




.77f 

June 7 . . 

1 

.73 

1 05 

3 04 

.54 


2 

.35t 


1 30 

.67 


3 

,55t 

1 18f 

.74 

.65t 


4 




.45t 


5 




.52t 


6 




.59t 


• Treatment — 1— Check. 

— 2 — Defoliated throughout 
—3— Defoliated after April 13. 

— i — Defobated until April 13, then allowed to grow. 

— 5 — The same as 4 until May 15, then defoliated again. 

— 6 — The same as 3 until May 15, then allowed to grow again. 
— 7 — Disbudded, 
t Single determinations. 


. TABLE 19 

The Effect of Defoliation and Disbudding on the Beducing Sugar Content 
OF One-Year-Old Twigs of Bed Astrachan Apple, 1924. 

Half Trees Treated 


Date 

Check 

Defoliated 

Date 

Check 

Disbudded 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

Mar. 7 .... 

,98 

2,46 








Mar. 15 . . 

.94 

1.81 








Mar. 20 

1.01 

2,30 

1.00 

1.69 

Mar. 18 

.99 

1.49 

.79 

1.59 

Mar. 25 . 

.81 

2.05 

.57 

1 58 

Mar. 25 . .. . 

1.02 

1.68 

69 

1,76 

Apr. 8 

1 54 

2.30 

1.24 

2.04 






Apr. 22 

1.13 

2.02 

.87 

2.45 
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TABLE 20 

The Effect op Defoliation and Disbudding on the Total Sugar Content op 
One-Year-Old Twigs cf Bed Astrachan Apple, 1924. Per Cent 
Dry Weight. Half Trees Treated 


Date 

Check 

Defoliated 

Date 

Check 

Disbudded 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

Mar. 7 

1 07 

2 72 








Mar. 15 

1 18 

3 71 








Mar. 20 . 


3 15 


2 63 

Mar. 18 

1 08 

4 45 

.94 

4 18 

Mar. 25. 

97 

4 89 

.68 

4 59 

Mar 25 

1 51 

4 77 

1 24 

4 62 

Apr. 8 .. 

2 41 

5 67 

2 18 

6 54 






Apr. 22 

1.83 

5.89 

1 35 

5 26 







TABLE 21 

The Effect of Defoliation and Disbudding on the Starch Content op 
One-Year-Old Twigs op Bed Astrachan Apple, 1924. 

Half Trees Treated. Per Cent Dry Weight 


Date 

Check 

Defoliated | 

Date 

Check 

Disbudded 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

Wood 

Bark 

Mar. 7 

2.84 

3.20 








Mar, 15 . . 

2 62 

2 52 








Mar. 20 ... 

2.48 

2.56 

3.09 

3 40 

Mar. 18 . . 

2.26 

2 54 

2 39 

2.42 

Mar. 25 

2 06 

1.52 

1.93 

1 90 

Mar. 25 . . 

2.12 

1 26 

2.15 

1.62 

Apr, 8 . . . . 

1 11 

1.02 

1.13 

1 25 






Apr. 22 , . . 

0.00 

.77 

0 00 

.77 







TABLE 22 

The Effect op Defoliation and Disbudding on the Total Nitrogen Content 
OP One-Year-Old Twigs op Bed Astrachan Apple, 1924. Per Cent 
Dry Weight. Half Trees Treated 
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DISCUSSION AND CONCLUSIONS 

The actual factor limiting growth under conditions of defoliation 
has been a matter of speculation by a number of writers. Harper^ 
has summarized the theories heretofore brought forward as follows : 

1. Wieler and Hartig suggest lack of food, 

2. Schwarz, lack of pressure from bending movements. 

3 Strasburger and Haberlandt, the need of the plant for an in- 
creased water supply. 

4. Lutz, an excess of water in the tissues due to decreased tran- 
spiration. Harper himself favors the first idea, though he presents 
nothing to substantiate the suggestion. 

Harvey® has added another in the form of the carbohydrate- 
nitrogen ratio. 

Roberts^^ suggested lack of nitrogen, a phase of the first. 

Considering these suggestions, it seems from the data presented 
by Harvey and by the writer that the lack of total nitrogen is not the 
factor sought under these conditions. The fact that Roberts’ work 
was done at a different time of year, and with different material 
may explain the discrepancy. 

The starch-nitrogen ratios calculated for this material do not in 
the WTiter’s estimation, adequately account for the observed results. 
The ratio is subject to such wide fluctuations and the differences 
between the series are generally so slight that to assign this as the 
controlling factor in limiting growth seems to be an unwarranted 
assumption. Although sugar-nitrogen is less variable, at least in the 
bark, the differences do not appear to be so great at first as later, and 
this ratio also seems not to be the limiting factor, though a definite 
conclusion cannot well be drawn. The possibility still remains that 
it is not total nitrogen, but some fraction of it which may be the 
essential thing in the ratio, but there are insufficient data on this 
point to warrant a discussion of the idea. The fact that Nightingale® 
has found it necessary to modify Kraus’s original postulates along 
this line may perhaps lend color to the suggestion. 

Harvey’s data on the moisture content of the different series may 
seem to furnish a basis for Lutz’ propasal. It seems that larger 
differences in water content would be necessary to effect such radical 
changes in the metabolism of the plant as those observed, especiaSy, 
in view of the fact that difference between the bases and tips ^ ' 
a series of a given treatment were generally greater than 
series of different treatments. Perhaps these differences 
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largely attributed to differing proportions of wood and bark, since 
the proportion of wood is much greater in the base than in the tip. 
That water pressure may delay growth has been pointed out by 
Heinicke/ though the differences in moisture content that accom- 
panied this phenomenon are not given. Moisture content is of doubt- 
ful significance at best, and it is questionable whether this suggestion 
can be given much weight. 

The least acceptable theory given above is that of ^‘the need of 
the tree for an increased water supply. ^ ’ The data available indicate 
an excess of water rather than a deficiency, while at the same time 
the ‘‘need’^ for it is reduced by the lack of leaf surface. These con- 
siderations, in addition to the natural reaction against a teleological 
explanation, dispose of this idea. 

Schwarz ’ hypothesis does not seem to have been very well received 
by recent investigators. It may be said to have received some sup- 
port from the distribution of xylem in the annual rings of trees grow- 
ing in a region of strong winds that are uniformly from one direction. 
However, the fact that plants develop without this stimulus under 
greenhouse conditions indicates that it is probably a minor factor. 

Neither the analyses of Harvey nor those here given are of much 
value in supporting the idea of starvation. It still remains a possi- 
bility that starvation, due to the lack of some specific compound, 
either a fraction of one of the groups treated or some unrelated com- 
pound, may be the true explanation of the condition. 

A closely related idea is that of growth promoting substances. It 
has been suggested that many activities of the plant are regulated 
by hormones. If these are produced by the leaves, the supply might 
be cut off by defoliation. This idea is highly speculative, however. 

The hypothesis that the presence of inhibitory substances, perhaps 
of the nature of the staling substance of fungous cultures, may be 
responsible, is also speculative. It might be assumed that the leaves 
are effective in removing or counteracting the effect of such substances, 

A more promising hypothesis, and one suggested by the data, is 
the partial or complete inactivation of enzyme activity. It has 
already been suggested that such an assumption is in accord with the 
relations observed between the various carbohydrates. This assumed 
inactivation might be brought about by a change in the hydrogen-ion 
concentration of the cell sap, by the failure of the zymogen to change 
to the active enzyme, or by the formation of compounds between the 
enzyme and other substances in the cell, perhaps the substrate, with 
subsequent failure to disjoin. A change in hydrogen-ion concentra- 
tion, again, might have other effects than that indicated above. The 
most obvious is a change in the proteins, as indicated by the work 
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of Loeb, either by precipitation of the protein at the iso-electrie 
point, or the change from one type of compound to another. The 
strong buffer action of cell sap does not support this idea. 

The localization of certain compounds in certain tissues, as indi- 
cated by the difference in wood and bark, may be carried much 
farther. That is, the meristematic region may be suffering from a 
lack of certain foods while a closely adjacent tissue may have an 
abundance of the substance, and through the failure of lateral trans- 
location, be unable to supply it to the point where it is needed for 
growth. This is further suggested by the fact that terminal meri- 
stems are able to continue growth long after the lateral one has ceased 
to function. The analysis of a group of tissues such as those present 
in the bark would effectually mask the relations between them. 

The possibilities outlined above indicate that there is nothing that 
can be legitimately concluded as to the relation of foods to the activity 
of the cambium except that totals of the groups above indicated are 
not the limiting factors. The indicatioti^ point away from starvation, 
but do not eliminate it. The most plaiusible hypotheses appear to the 
writer to be : 

1. Enzyme inactivation, with consequent lack of certain end pro- 
ducts of digestion necessary for growth. 

2. Starvation, due to failure of the leaves to supply certain com- 
pounds directly, or to failure of translocation through short distances. 

3. Lack of balance of carbohydrate-nitrogen ratio, calculated not 
on totals but on fractions that may prove to be more directly involved. 

SUMMARY 

1. Defoliated apple trees, or halves of trees, showed a cessation of 
radial increase of wood within two weeks after defoliation. 

2. This was accompanied by a modification of the thickness of the 
walls of the cells laid down after defoliation. 

3. This phenomenon does not seem to be associated with a de- 
ficiency of stored food as indicated by analyses for reducing' 'sugar, 
total sugar, starch, hemicellulose, and total nitrogen in the wood and 
in the bark. 

4. There are several alternate theories that might be suggested to 
account for the phenomena. 
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GROUND WATER FLUCTUATIONS AT 
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WALTER W. WEIR^ 


INTEODUCTION 

Many of the problems which confront the engineer in irrigated 
regions would be much simplified if there were available reliable and 
detailed information concerning the fluctuation and movement of 
underground waters. Probably the two most important of these 
problems ar*e the design of drainage works and the development of 
underground water supplies for irrigation. 

The height to which the water table rises, the rate of rise and fall 
as it fluctuates at different seasons, the time at which maximum and 
minimum heights occur and the rate of yearly increase or decrease 
have an important bearing on the size, location, and depth of artificial 
drains and on the size, location, number and capacity of pumping 
plants, whether used for irrigation or drainage. 

Unfortunately, the collection of data on ground water movements 
is seldom begun until its need becomes so urgent that studies can not 
be continued for sufficient time to make them entirely reliable. The 
studies carried on by the writer at Kearney Park near Fresno, Cali- 
fornia, are no exception to this rule. They are, however, of more 
than usual length and are in sufficient detail to be of considerable 
value for the purpose in mind, namely, the designing of a drainage 
system. 


Assistant Professor of Soil Teelmology. 
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INSTALLATION 

Although these observations were confined to Kearney Vineyard 
and interlying property at Kearney Park, the area covered (7000 
acres) is sufficiently large and the soil conditions sufficiently like that 
found throughout some 100,000 acres in and about Fresno to make 
the results here obtained applicable to the larger area. 

With minor exceptions, the depth to water was recorded weeldy 
for eight out of the eleven years, 1912 to 1922 inclusive, in twenty- 
one regularly spaced test wells covering the area. In all, some 8000 
observations were made. Figure 1 shows the relative location of the 
test wells and the general nature of the topography of the area. 

The test wells consisted of auger holes ten feet in depth lined with 
3-inch galvanized iron pipe. The top of the pipe projected about a 
foot above the surface. Each well was originally protected by being 
placed at the center of a triangle formed by three posts about which 
was wrapped three strands of barbed wire. This protection did not, 
however, in every case, withstand the attacks to which it was sub- 
jected by cattle and heavy farming machinery. 

Being regularly spaced, these wells were subject to the natural 
variations which are likely to occur in an area of this size, such as 
variations in soils, topography, nature of tillage operations, irriga- 
tion requirements of different crops, distance from main supply canals 
and other local characteristics. 

It will be noted, for instance, that wells 11, 12, 8, 9, and 3 are all 
on or adjacent to a low sandy ridge extending across the property, 
while wells 1 and 10 were influenced materially by seepage from the 
adjacent Fresno Sewer Farm. 


PRESENTATION OP EXPERIMENTAL DATA 

Although the factors mentioned unquestionably had considerable 
influence on the water table conditions surrounding any particular 
wdl and tend to emphasize the unreliability of individual observa- 
tions, the fact that these variations exist should make the average 
results for the large series of wells of considerable general application. 
The height of the water as observed weekly was plotted for each of 
the twenty-one wells. Figure 2 gives the record sheets for weUs 5, 10, 
14, and 17, these being chosen as typical. 
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Because of the difficulty of keeping the wells in repair at all times, 
some of the early and late season readings do not give the full depth 
to water, the wells having become silted up. Note, however, was made 
of the actual depth at which they were found dry. 

The actual elevations w*ere obtained of the top of the well casing, 
to which all readings unless otheinvise noted are referred, and of the 
surrounding ground surface. This information is shown on the record 
sheets. 



Pig. 1. Sketch showing location of test wells at Kearney Park. 


In order to obtain a comprehensive view" of the actual conditions 
uninfluenced by local happenings at any particular well, the curves 
of all the wells for any given year were superimposed and from them 
an average curve for the year was obtained. These average curves 
for each of the eight years are shown first in consecutive order in 
figure 3 and then superimposed in figure 4. It is from these two 
figures that the engineer can obtain the most data of real value. 


WEILL 
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Pig. 2. Record sheets for four representative test wells, showing the position of the water table with reference to 

the ground surface. 
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Figure 5 ivas obtained by drawing an average curve through the 
eight yearly curves shown in figure 4. This curve shows more clearly 
the normal rate of rise over a considerable time, but is not so valuable 
in furnishing engineering data as those in figure 4. In the designing 
of drainage structures maximum rises and maximum supplies of water 
are controlling factors, while in the designing of irrigation structures 
the opposite conditions control. 

In order to further bring out the fact that there is considerable 
variation between wells, table 1 is given, which shows for each well 
the approximate number of days in which the water stood at a given 
distance from the ground surface. This table was prepared from 
the data shown on the record sheets. 

TABLE 1 


Table Giving eor Each Well the Approximate Number of Days when the 
Water Table was Within Three and Within Six Feet of the Surface 


Depth 




O'- 

-3' 







3'- 

-6' 




Well No. 

1912 

1913 

1914 

1915 

1916 

1920 

1921 

1922 

1912 

1913 

1914 

1915 

1916 

1920 

1921 

1922 

1 

no 

100 

290 

210 

225 

365 

365 

365 

365 

365 

285 

340 

365 

365 

365 

365 

2 

5 

0 

30 

0 

X 

30 

55 

70 

165 

225 

270 

175 

X 

135 

155 

200 

3 

0 

0 

5 

15 

0 

0 

10 

20 

55 

50 

175 

no 

105 

60 

65 

135 

4 

0 

0 

46 

40 

15 

25 

X 

X 

130 

60 

155 

205 

195 

130 

X 

X 

5 

60 

0 

115 

76 

60 

105 

25 

140 

210 

190 

320 

240 

300 

180 

240 

330 

6 

40 

0 

155 

145 

140 

120 

126 

190 

275 

195 

305 

270 

255 

180 

210 

335 

7 

90 

5 

no 

SO 

100 

100 

X 

X 

315 

270 

270 

255 

280 

160 

X 

X 

8 

0 

0 

80 

10 

0 

20 

20 

X 

65 

65 

190 

75 

85 

120 

65 

X 

9 

95 i 

15 

170 

105 

120 

X 

X 

X 

226 

190 

315 

290 

300 

i X 

X 

1 X 

10 

80 

96 

280 

240 

300 

95 

165 

225 

1 300 

365 

365 

365 

365 

365 

365 

366 

11 

10 

0 

95 

90 

125 

20 

25 

X 

1 160 

165 

260 

230 

330 

126 

115 

X 

12 

0 

0 

0 

X 

X 1 

10 

X 

X 

0 

0 

100 

X 

X 

76 

X 

X 

13 

0 

0 ^ 

0 

0 

0 

0 

0 

0 

0 

0 

166 

0 

0 

0 

0 

0 

14 

35 

0 

16 

0 

180 

0 

0 

0 

220 

96 

235 

260 

365 

260 

55 

85 

16 

5 

0 

10 

16 

10 

10 

0 

0 

150 

0 

275 

315 

365 

135 

90 

no 

15 

100 

40 

126 

120 

130 

95 

65 

60 

280 ' 

236 

305 

240 

1 330 

155 

135 

165 

17 

96 

0 

126 1 

80 

120 

100 

X 1 

X 

270 ! 

180 

305 

235 

306 

176 

X 

X 

18 

90 

36 

140 ! 

' 45 

10 

80 

215 

X 

246 

135 

300 

216 

180 

180 

250 

X 

19 

10 

0 

146 : 

85 

70 

10 

5 

10 

215 

316 

365 

260 

365 

180 

150 

295 

20 

0 

0 

30 

0 

0 

0 

6 

0 

170 

86 

310 

215 

300 

65 

85 

85 

21 

0 

0 

6 

0 

0 

0 

X 

X 

35 

0 

160 

105 

150 

20 

X 

X 


Note: X denotes records incomplete. 
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Typical water table flnctuation curve showing th3 average of eight years’ observations at Kearney Park. 
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OBSERVATIONS AND ANALYSIS OF DATA 

Prom the data which have been secured, the following observations 
seem to stand out as most worthy of particular attention: 

(1) Many of the wells show rather erratic fluctuations due to 
irrigation and when taken individually do not indicate actual condi- 
tions, except in the immediate vicinity of the particular well. 

(2) The water table reaches a point nearest the surface during 
June. It is during this month that crops are growing in their most 
vigorous condition and abundant supplies of water are required to 
supplant that lost by transpiration. This water must be supplied by 
irrigation, which is frequently over-done, the excess going to raise the 
water table. During June, irrigation water is usually plentiful, but 
toward the end of the month and always in July, except in districts 
where storage water is available, there is a very rapid decrease in the 
supply. It is a common practice to apply excessive amounts of water 
in June in anticipation of a shortage in July, This fact is most 
strikingly illustrated by the conditions in the Turlock Irrigation 
District in 1923. Before 1923 no storage water was available and the 
usual practice of heavy irrigation in June was followed. In 1923, 
however, when late water was made available by storage in the Don 
Pedro reservoir, irrigation in June was more nearly in accordance 
with plant requirements, and as a consequence, the water table did 
not rise so high by several inches as it had done in previous years, 
although for the whole season about one-third more water was applied 
than had ever been used before. 

(3) During most of the year, the water table is well within the 
ideal root zone of plants. During the mid-summer when root devel- 
opment should be the greatest and the feeding zone the most extensive, 
it is in reality most restricted because of the position of the water 
table. 

(4) For the type of soil found in this region and with the shallow 

depth to the ground water, it is probable that water will rise to the 
surface by capillarity during the entire year, and during that part 
of the year when the temperatures are most favorable for high evapo- 
ration, the water table is nearest the surface. There must necessarily 
be a rapid accumulation of alkali at the surface under these eon- 
ditions. ■ . 
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(5) During tlie season of high water table, the average distance 
of the water from the surface is not more than 2 feet, whereas during 
mid-winter ihe average is from 7 to 8 feet. Tlie seasonal fluctuation 
is therefore between 5 and 6 feet. 

(6) The most rapid rise in the water table occurs during March 
and April. This occurs within a short time after water is turned into 
the canals and the first irrigation of the season is applied. Seepage 
is probably excessive from the canals at this time because they have 
been dry during the winter months; evaporation and transpiration 
are at a minimum because the temperatures are relatively low and 
the plants small, and water is usually plentiful. 

(7) As the season progresses, although the water table continues 
to rise until about the first of July, the rate of rise is much less than 
in the early spring. This may be accounted for by increased evapora- 
tion due to the rising temperatures, but it is more probably due to the 
greater use of water by the more abundant foliage of the crops. 

(8) During June, there is very little fluctuation, but as soon as 
the water shortage begins in July the wmter table recedes. The reces- 
sion is usually at a more uniform rate than the rise. By the first of 
December, the low point is reached and no j^articular change takes 
place during this month. 

(9) The rate of rise in the water table after dry seasons is more 
rapid than in other years. The years 1913 and 1919 were both 
abnormally dry (this survey does not show the position of the water 
table in 1919), and it will be noticed on the following years, 1914 and 
1920, the water table began to rise early and at a much more rapid 
rate than in other years. Also, that it remained at its high point for 
a much longer period. This is unquestionably due to the fact that 
water was applied in excessive amounts early in the season with the 
idea of overcoming the effects of the previous shortage and also in an 
attempt to save the crops from a possible shortage of winter during 
the succeeding summer. 

(10) There appears to be little or no tendency toward an annual 
increase in the height of the water table. In fact, there is an indica- 
tion both from these data and from observations made elsewhere that 
1914 is the year when the most undesirable conditions occurred. In 
order to give- an exact account of the rise of the water table from 
depths of 60 or 80 feet, where it is said to have once stood, annual 
reom'ds for many years previous to 1912, when annual observations 
were first made, would be needed. However, in 1^2, C. Q. Elliott 
reports in U. S. Department of Agriculture Circular No. 50, drainage 
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conditions for this area that are almost as bad as those shown here, 
and before that date Dr. E. W. Hilgard in the California Experi- 
ment Station Eeport for 1886 sounds a warning on drainage for 
the country west of Fresno. 


USE OF DATA 

In designing drainage systems, provision must be made for remov- 
ing the excess water in abnormally wet years, otherwise permanent 
crops such as orchards, vine^^ards and alfalfa may be injured. From 
the data at hand, it would then appear necessary to provide drainage 
of such capacity that rises in the water table similar to those in 1914: 
and 1920 could not occur, at least within the normal root zone. 

The rate of rise and particularly the maximum rate is of as much 
importance in drainage design as the total annual rise. Since all of 
the fluctuations take place well above a safe drainage depth for irri- 
gated regions, drainage to be adequate must be sufficient to preclude 
any rise whatever within the zone now affected. 

From figure 5, it can be found that the average total effective rise 
for the eight years under observation was 4.35 feet, occurring within 
135 days (January 1 to May 15). This is equivalent to an average 
rise of ,032 foot per day. Assuming that for this particular soil the 
void spaces are 30 per cent of the volume, it would require 1.30 acre 
feet of water per acre to have caused this rise. This is, of course, in 
addition to that removed by deep percolation, evaporation and tran- 
spiration. From January 15 to January 27, 1914 (12 days), there 
was an average rise of 2.6 feet over the area or a rise at the rate of 
0.216 foot per day. This is equal to the addition of 41.47 acre feet 
per square mile per day or 1 c.f.s. for each 30 acres under observation. 

In 1920 from March 24 to April 7 (18 days), the rise was 4.3 feet 
or an average of 0.24 foot per day. This is the equivalent of 46.08 
acre feet per square mile per day or 1 c.f.s. for each 27 acres. Assum- 
ing that 50 per cent of this could be removed from*the soil by drain- 
age, it would mean that drainage must be provided to remove 1 cubic 
foot per second for each 54 acres in order to prevent this rise. 

For a large area a uniform system of drains of the capacity indi- 
cated would probably not be necessary, but the information given 
here, when taken in conjunction with that in table 1, wiU be of value 
in planning an adequate drainage system* 
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As an example of the practical use to which data of this nature 
may be put, the following drainage design may be mentioned. A 
system of drainage by pumping has been planned for the property 
upon which these data 'were collected. This system will consist of 
eleven pumping plants having an average capacity of 3.21 cubic feet 
per second which are to operate continuously from March 15 to 
December 1. During this period, it is estimated that a total of 17,000 
acre feet of water will be discharged. 

Although the 35 cubic feet per second, total capacity provided, 
is not sufficient to overcome a rise similar to that of April, 1920, the 
total discharge of 17,000 acre feet per year (2.43 acre feet per acre 
over 7000 acres or nearly twice the eight-year average) will lower 
the table so far below the surface that abnormal fluctuations should 
all occur at depths well below the danger point. In the case of tile or 
open ditch drainage, where the maximum drainage depth is usually 
but little below the required minimum, greater capacity would, of 
course, be necessary. 
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THE EFFECT OF FEEDING BACILLVS ACIBOFHILVS, 
LACTOSE, DRY SKIM MILK, OR WHOLE MILK ON 
THE HYDROGEN ION CONCENTRATION OF THE 
CONTENTS OF THE CECA OF CHICKENS 

J. R. BEACH 


Introduction 

The experiments, herein reported, were undertaken to determine 
in what manner, if any, the hj^-drogen ion concentration of the cecal 
contents of chicks would be influenced by feeding them with milk or 
certain milk products, and the relation of any changes found to occur 
to the control of coceidiosis. 

Why milk feeding should be generally beneficial in intestinal infec- 
tions of chicks is not made entirely clear by the published work of 
Rettger and his associates.'*’ The experiments of Beach and 

CorL did not add any information regarding this point, although 
they proved the practical efficiency of milk in the control of avian 
coceidiosis. If the reasons for the value of milk feeding in the control 
of coceidiosis of chicks were known, it might be determined that some 
of the milk products which can be shipped long distances would be 
equally effective. In such a case a means of controlling coceidiosis 
would be available to poultrymen in localities for removed from dairy- 
ing districts. 

These studies have been confined to the ceca because coecidial 
infection of chicks is usually confined to these parts of the intesfciitM , 
tract. ; , ; 

Noth: The writer is indehtea to Hr. L. A Eooyeji for assisteie^ In ' 

ing out muoh of the detailed work reeorded m this paper. ^ ^ r 
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The chickens used in these experiments were confined in ea^es with 
grilled bottoms which allowed the droppings to fall onto paper-covered 
metal trays beneath. The openings in the bottom of the cage were 
too small to permit the birds to pick at the droppings that collected 
on the trays. The feed was given in metal clips attached to the grilhnl 
doors of the cages. Under these conditions, it was iiossible to maintain 
absolute control over all food and other material ingested by the 
birds. 

After some preliminary work, the ^^spot plate’ ^ method was 
adopted for making the hydrogen ion concentration determinations. 
Standard buffer solutions of knowm pH values at intervals of 0.2 were 
made according to the formulae of Clark.^ Methyl red, brom-cresol 
purple, and brom-thymol blue w^ere the indicators used. In making a 
pH determination, a small amount of material from the ceea was 
mixed ivith a few drops of neutral distilled water in a depression of 
the porcelain spot plate and one or twO' drops of indicator added. 
As a routine procedure, brom-cresol purple wns first tried. If the 
pH wns found to be out of the range of this indicator, additional tests 
were made using brom-thymol blue or methyl red. Com])arisons were 
then made with mixtures of standard buffer solutions and indicator 
in adjoining depressions until an exact match in color was obtained 
and the pH value of the cecal material thereby determined. 

The study of the flora of the intestines and ceca consisted simply 
in the microscopic examination of thin smears of the intestinal and 
cecal contents fixed in methyl alcohol and stained by Gram’s method. 
Differential counts of the Gram-negative and Gram-positive organisms 
present were made. This count indicated any increase in the relative 
number of long, slender Gram-positive acidophilus-like ro<ls that 
occurred. 

The Effect of Fei^dino Cultukes of Barillus anflophilnsf 

The birds used in this experiment had been confined in cages and 
fed an identical ration for more than thirty days before the experiment 
was started. It was thought, therefore, that the material in the intes- 
tinal tract of each should be quite uniform in character. 

Before the culture feeding, as a means of determining the normal 
pH and flora of the intestinal tract of these birds, six of them were 
killed and examined. The results are given in table 1. 

* TEe writer is indebted to P, L. Hibbard for valuable advice and assistance in 
tbe selection of the method of making hydogen ion concentration determinations. 

f The strain of S. aoidopMlm used in the preparation of the milk cultures 
for these experiments was obtained from Br. L, P. Eettger. 
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But slight variation was found in either the pH or the flora of 
different birds. The pH of the duodenal contents ranged from 6.2 to 
6.6, that of the cecal contents from 6.6 to 7.0. The proportion of Gram- 
positive rods to the total number of bacteria in the duodenal contents 
varied from 25 per cent to 41 per cent, and in the cecal contents from 
32 per cent to 42 per cent. 


TABLE 1 

pH AND Bacterial Count op Duodenal and Cec.aq Contents of Normal Fowls 


Fowl 

Section of intestines 

pH 

Bacterial count 

1 

Duodenum 

6 4 

30 'o Gram -I", few forms 


Ceca 

7 0 

42'oGram-i-, many forms 

2 

Duodenum 

6 4 

25% Gram 4-; few forma 


Ceca 

6 8 

32%Gram+, many forms 

3 

Duodenum 

6 4 

32% Gram-h: few forms 


Ceca 

6 8 

40% Gram-f ; few forms 

4 

Duodenum 

6 6 

37% Gram+, few forms 


Ceca 

6 8 

34% Gram-f- , few forms 

5 

Duodenum 

6 4 

41%Gram4-; many forms 


Ceca 

7 0 

41% Gram-f-, many forms 

6 

Duodenum 

6 2 

40% Gram-f-; many forms 


Ceca 

6 6 

33% Gram -h; many forms 


On July 31, 1923, B. acMophihis culture feeding was begun. One 
hundred c. c. of a 48-hour milk culture was given daily to each of 
twenty-six birds in individual cages. The milk was given in cups 
suspended on the cage doors. No other drink was allowed until the 
milk wms consumed. The remainder of the diet consisted of whole 
wheat and cracked yellow corn, the maximum daily consumption of 
which was seventy-five grams. The milk, therefore, constituted more 
than half of the food. Starting on the third day and continuing at 
irregular intervals until the fifty-first day, the birds were killed for 
examination, one at a time, until twenty had been killed. In all cases, 
the birds were killed in the morning before the day’s allotment of 
B. acidophihis culture had been given. Table 2 gives the detailed 
results. 

No difference between the pH of the duodenal contents of these 
birds and that of the normal birds was found. The pH of the cecal 
contents in four birds was 5.6. In the others, it ranged between 6.0 
and 7.0. The average pH, therefore, was slightly lower than in the 
birds that had not received the cultures. However, it was not demon- 
strated that the pH of the ceca was being progressively lowered since 
in the last three birds killed on the forty-sixth, fcurty -ninth and fifty- 
first days, the pH was 6.8, 6.0 and 6.6, respectively. 
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TABLE 2 

pH and Bacterial Count After the Feeding op J). acid o phi 1 its Cultures 


Fowl 

Day killed 

Section of intestines 

pH 

Bacierial count 

1 

3rd 

Duodenum 

6.4 

96% Grara+; mostly aeidnphilus-hko 



Ceca . , 

7 0 

52% Gramd-; many acidoplnlus-like 

2 

5th 

Duodenum 

6 4 

64% Gram+: few acidophilus-hko 



Ceca 

7.0 

52% Gram-f, very few aeidophilus-hko 

3 

8th 

I Duodenum 

6 2 

60% Gram+: very few acidophilus-hko 



Ceca 

6 8 

64% Gram+i very few acidophilus-liko 

4 

10th 

Duodenum . 

6 4 

52% Gram+; very few acidophilus-like 



Ceca , . 

7 0 

70% Gram+: many acidophilus-like 

6 

12th 

Duodenum . . 

6 2 

62% Gram+: few acidophilus-like 



Ceca 

6 6 

57% Gram+; few acidophihis-Uke 

6 

15th 

Duodenum ... 

6 4 

51% Gram+; many acidophilus-like 



Ceca 

6 4 

63% Gram-f; many ueidophilus-Uko 

7 

17 th 

Duodenum . 

6 4 

100% Gram+i all acidophdus-like 



Ceca 

6 8 

40% Gram+» mostly aeidophiliLs-like 

8 

19th 

Duodenum 

6.4 

52% Gram+i 94% uctdophilus-Uke 



Ceca 

7 0 

70% Gram+, 64% acidophduB-hko 

9 

21st 

Duodenum 

6 2 

60% Gram+, 66?o acidophilus-like 



Ceca . .. 

5 6 

68% Gram+I 99%: aculophiluH-Uko 

10 

23rd 

Duodenum 

6 4 

70% Gram-f : 95% acidoplnlus-like 


1 

Ceca 

5 6 

65% Gram+l 92% aeidophilus-Iiko 

11 

29th 

Duodenum . . . 

6 2 

93% Gram-f ; 86%, aeidophilus-like 



Ceca 

6 8 

75% Gram+: 75% aeidophilus-like 

12 

31st 

Duodenum 

6 2 

85% Gram-f; 83% acidophilus-JIko 



Ceca 

6.6 

71% Gram-f; 71% addophilus-Iiko 

13 

35th ' 

Duodenum 

6.6 

60% Gram-f; 82% aeidophilus-like 



Ceca 

5 6 

60% Gram-f; 90%, acidophilufl-liko 

14 ; 

37th 

Duodenum .... 

6.4 

70%, Grani-f : 62% acidophilus-Ukc 



Ceca ... 

6 8 

90% Gram-f; 88% aculophilus-liko 

15 

39th 

Duodenum . 

6 4 

62% Gram-f, 42% acidophilufl-like 



Ceca 

6 2 

61% Gram-f: 79% acidophilus-like 

16 

42nd 

Duodenum . 

6 2 

75% Gram+; 73% acidophilus-liko 



Ceca . 

6 4 

63% Gram-f: 66% acidophiluH-Iiko 

17 

44th 

Duodenum 

6.4 

77% Gram-f: 61% acidophilus-liko 



Ceca 

5 6 

61% Gram+; 06% aoidophilu«-liko 

18 

46th 

Duodenum 

6 4 

75% Gram-f; 90% acidophilus-liko 



Ceca 

6 8 

70% Gram-f: 66% acirlophilun-hke 

19 

49th 

Duodenum 

6 4 

80% Gram-f; 72% acidophil uadi ke 



Ceca 

6 0 

60% Gram-f; 86% aoidophilua-Iiko 

20 

51st i 

Duodenum 

6.4 

60%, Gram-f; 75% acidophilua-Hke 


i 

Ceca 

6 6 

62% Gram-f: 61% acidophilus-likp 


differential bacterial count of smears of the duodenal and cecal 
.dsBtdots showed an immediate and constant marked increase in the 
propori^ate numbers of Gram-positive organisms, the major portion 
of wh^s&.Were of the acidophilus type. In the duodenum, the number 
rspg^. j^lp per .cent to lOO per cent and in the cecum from 46 
per’d^l!^ ^ cOnt. This change ip the flora, however, did, not 
;^th the continued feedipg.of the cultures; in 
fact, it was m(afd'iaaFh|d;& the 'pii^tlmt.W# the third day 

than in the(mesili^/^:!:f4t^;fi^.|W^ ^ ' 
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This experiment has demonstrated, therefore, that feeding chick- 
ens milk cultures of B. midophilihs may cause organisms of the acido- 
philus type to predominate in the intestinal flora. It has not demon- 
strated, however, that the acidity of the intestinal contents will be 
thereby increased. These results are in agreement with those obtained 
by Rettger and Cheplin® in their experiments with rats and human 
subjects. It does not seem probable, however, that implantation of 
S. acidophilus is an important factor in coccidiosis control unless some 
other change, such as increase in acidity of the cecal contents, also 
results. Therefore, in the subsequent experiments, no study of the 
change in the intestinal flora was made, attention being paid only to 
changes in hydrogen ion concentration of cecal contents. 

Determination of Changes in the Hydrogen Ion Concentration 
OF Cecal Contents by Examination of Cecal Droppings 

Browne- observed that only a small portion of the material pass- 
ing through the intestines of a chicken enters the ceca. The coarser 
material passes directly from the small to the large intestine. A por- 
tion of the liquid and finely-divided particles enters the ceca, where 
it is retained for a considerable time. As a result, the cecal contents 
consist of a characteristic, homogenous, brown or chocolate colored, 
pultaceous mass, easily distinguishable from the contents of other 
portions of the intestines. Browne further observed that the ceca 
apparently do not continuously discharge into the large intestine 
but may completely empty themselves periodically after considerable 
material has accumulated in them. This material passes out in the 
droppings without becoming mixed with that from other portions of 
the intestines. Occasionally a dropping consisting entirely of such 
material from the ceca is passed. 

The portion of the droppings coming from the ceca is easily dis- 
tinguished by its characteristic color and consistency. This suggested 
the possibility of studying changes in the pH of cecal contents by the 
examination of the cecal droppings. Such a procedure, if successful, 
would make observations on the same bird possible as frequently as 
there were passages of cecal droppings. This would be more satis- 
factory than the single observation obtained by destroying the bird. 

To obtain information on the accuracy of this method, several birds 
were kept under close observation and killed immediately after a 
passage of cecal droppings. The pH of the cecal droppings and th3i 
of the cecal contents of the same birds were found to be in cl<m 
ment, as shown in table 3. 
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TABLE 3 

pH OF Cecal Droppings and op the Contents op Different Parts op the 

Intestines 


No of bird 

pH of cDcal droppings 

pH of different parts of intestines 

Cecum 

Duodenum 

Middle of small intestines 

19 

6.4 

6 4 

6 2 

0,2 

22 

6.2 

6 0 

6 2 

6,6 

13 

6.2 

6.2 

6 2 

6 2 

12 

6 6 

6 6 

5 6 

6 8 

14 

6 0 

6 2 

6 2 

5 6 

17 

6 6 

6 6 

6 4 

6 8 

4 

7 0 

6 8 

6 0 

7 0 

5 

6 4 

6 6 

5 8 

7.0 

18 

6 2 

6 2 

5 8 

7 0 


This method of determination of the hydrogen ion coneentration 
of the ceca was then applied to five birds remaining from the preceding 
experiment. Cecal dropping were collected each morning for eleven 
days. Table 4 gives the results of the pH determinations. 


TABLE 4 

pH op Cecal Droppings op Fowls Fed acidophilus Cultures 


Fowl 


pH of cecal droppings 


.No. 

Oct. 1 

Oct. 3 

Oct. 4 

Oct. 6 

Oct. 10 

Oct. 11 

Oct. 12 

Oot. 13 

Oct. 14 

Oot. 17 

22 

70 

6 0 

6.4 

6.4 

6 4 

6.4 

7.0 

6.8 

6 8 

6.8 

23 



6 4 

6.8 

6 6 

6 6 

6.4 

— 

6.8 

6.8 

24 

— 

— 

6 4 

6.8 

6 S 

7 0 

6.6 

6.6 


7.0 

25 

6.8 

— 

— 1 

6 6 

68 


6 8 i 

6-8 

7.0 

— 

23 

6 8 

6.8 

6 8 ■ 

6 8 

6 8 

7 0 

7 0 

6 8 

7.0 

7 0 


’’apjSCo ce<»l droppings passed. 


Tha limits of variation of the pH of the cecal droppings were 6.0 
and 7.0. This is in conformity with the results of hydrogen ion deter- 
minations of the cecal contents of the birds in the preceding experi- 
ments. The determination of the pH of the cecal contents by this 
.method, therefore, appeared to be accurate and was the procedure 
adopted for subsequent experiments. Because of the irregularity of 
the passages and the frequent admixture with urates encountered in 
the cloaca, it was not always possible to secure suitable samples of 
cecal droppings from each bird every day. In a large percentage of 
eases, however, t-wo samples could be secured within twenty -four hours. 
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Effect of Feeding Cultures of B. acidophilus and Lactose 

Twenty-five cockerels were used in tMs experiment. Prom October 
23, 1923, until November 6, each bird was given daily, as a drink, 100 
e, c. of IS-hour milk cultures of B. acidophilus. This was placed before 
the birds between 9 o’clock and 10 o’clock each morning. Cultures 
alone were given for the first four days. During the next ten days, 
five grams of lactose was added to the milk for each bird. The lactose 
was then increased to 10 grams for each bird daily for the following 
nine days. The time required for the consumption of the 100 c. c. 
of cultures varied with the different birds from one to twenty-four 
hours. No other drink was allowed until the culture was consumed. 
Cecal droppings for pH determinations were collected on the morning 
that culture feeding was begun and on subsequent mornings at inter- 
vals of one to five days. In this and in all subsequent experiments, 
whenever droppings for pH determinations were collected, fresli paper 


TABLE 5 

pH op Cecal Droppings op Birds Fed Daily 100 c.c. B. acidophilus Cultures and 
5 Grams Lactose. Lactose Increased to 10 Grams on November 6 


Fowl 

No. 

Before | 
' feeding 

Cultures alone 

Cultures4-5 grains lactose' 

1 

Oct. 23 : 

Oct. 24 

Oct, 26 

Oct. 29 

Oct. 30 

Oct. 31 

Nov. 1 

Nov. 6 

Nov. 9 

Nov. 14 

1 

5.6 

6 0 

6 0 

6 3 

4 8 

6 6 

6 8 

5 6 

6 4 

5.2 

2 

6 0 

6 0 

6.8 1 

5 4 

6.4 

6 4 

6.8 

5.8 

5.4 

6.8 

3 

6 6 ' 

6 4 

6 4 ! 

5 4 

6.4 

5 8 

6.4 

5.8 

5 6 

6 4 

4 

6.2 

6 2 

6.2 

6.5 

— 

6 8 

5 4 ^ 

5 6 

5 0 

6.4 

6 

6 0 

6 2 

5 4 

— 

6 4 

5 6 ; 

5 6 

5 4 

— 


6 

6 4 

6 8 

6 2 

6.4 

6.4 

6 8 i 

6 6 

6 8 

6 6 

4.8 

7 

6 2 

6.0 

5 4 

64 

6 6 

5 2 , 

6 0 

5 0 

— 

— 

8 

6 2 

6.8 

6 2 

— 

— 

1 

— 

6 8 

6 6 

5.0 

9 

6 4 ! 

6 8 

6 6 

6 2 

6 0 

5 8 

5 4 

6 6 

6 4 

6.0 

10 

6 2 ! 


6 6 

4 8 

— 

6 6 ! 

6 6 

5.2 

60 

6 8 

11 

6 4 ! 

6 2 

5.4 

50 

5.6 

6 8 ! 

5 2 


60 

6 6 

12 

6.2 1 

6.2 

6 2 

4.8 

6.8 

6.4 1 

6.0 

60 : 

48 i 

6.2 

13 

6 6 1 

6.4 

5.6 

48 

6 8 

6 4 

5.4 

54 1 

5.4 

5.4 

14 

6.2 1 

— 


6.2 

6 2 

— 

— 

5.6 

4 6 

6.2 

15 

6 4 

6 2 

6 4 

5.6 

6 4 

6 0 

6.8 

'5 8 

6.2 

6.0 

16 

6.6 ; 

6.S 

6.6 

6.8 

6.8 

6.4 

6.4 

5.0 

6 2 

6.0 

17 

6 2 : 

6.4 

6 4 

5 6 

6 8 

6.0 

6 4 

6.2 

6.6 

6 8 

18 ! 

6.2 

7.0 

5 4 

70 

5.8 

7.0 

6 8 

68 

— 

— 

19 

6.4 i 

6.4 

6 8 

6.8 ! 

5.4 

6,6 

6 4 

6 2 

5.2 

4.8 

20 

6.4 

6.4 

1 6 4 

6.8 

6 8 

6 2 

6.4 

6 0 

1 

— 

21 1 

6.6 

6 8 

6 4 

6 6 

6 8 


6 8 

6 8 

6.2 

6.4 

22 1 

6 4 

— 

6 4, 

6 4 

4 8 

6 6 

5.8 

5.4 

6 0 

66 

23 

6 4 

6 S 

6 4 

4.4 

4 8 

6.6 

5.4 

5 4 

! 48 . 

— * 

24 i 

6 8 

7.0 

6 4 

4.8 

5 6 

6.6 

6.6 

— 

1 5 4 

5.4 

25 1 

6 2 


1 5 4 

6 6 

5.8 

— 

— 

— 




“ — ’'wCeoai droppings absent or mixed with othea- droppings. 
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was put on the trays. By this means it was known that all cecal drop- 
pings collected had been passed since the preceding collection of drop- 
pings. The results of the pH determinations appear in table 5. 

As in preceding experiments, while the cultures alone were fed, the 
pH of the cecal droppings was not materially changed. After lactose 
was added, however, a marked lowering of the pH of the cecal drop- 
pings from all birds occurred. In the twenty-hve birds the low points 
were as follows : one, 5.6 ; seven, 5.4 ; two, 5.2 ; six, 5.0 ; six, 4.8 ; one, 4.6, 
and two, 4.4.'^ The low pH, however, was not constant for the cecal 
droppings of any individual from day to day. Neither did this change 
become more marked with the increase of the daily allowance of lac- 
tose to 10 grams. The results of this experiment show, therefore, that 
when chickens are fed daily with cultures of B. oicidophilns and lactose, 
acidity of the cecal contents may be produced, but they do not show 
that the acidity will remain constant during the feeding period. 


Variation in the pH op Cecal Droppings During Twenty-pour 
Hours When B. acidophilus Cultures and Lactose Are Fed 

At this point, it occurred to us that the time of passage of cecal 
droppings with respect to the time of consumption of the B. acidophilus 
cultures and lactose might be a factor in the variation of the pH of 
the cecal droppings. Thus, for example, cecal droppings voided in 
the afternoon and evening, a few hours after the morning feeding of 
cultures, might be more acid than those voided during the night or 
morning, twelve or more hours after the cultures were consumed. 
Information on this point was furnished by a series of three experi- 
ments. 

In the first experiment, twenty-four of the twenty-five cockerels of 
the preceding experiment were used. Cups containing 100 c. c. of 
acidophilus cultures and 10 grams of lactose were placed before the 
birds from 9.30 to 11,30 A.M. and then removed. Cecal droppings for 
pH determinations were collected before 10 o’clock in the morning and 
again before 5 o’clock in the afternoon. It was not possible to deter- 
mine whether the droppings collected in the morning had been passed 
during the previous evening, dnring the night, or during the earlier 
morning hours. This was a possible source of error in the pH deter- 
minations for these droppings. It was definitely known, however, 

* In this paper when reference is made to an abnormal or high aoidity, increased 
hydrogen ion concentration, low pH, etc., it indicates that the pH,^5f the droppings 
is between 4.4 and 5.6. By normal acidity or hydrogen ion conc^iitration is meant 
pH 6.0 to 7.4. 
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that all dropping collected in the afternoon had been passed since 
the morning feeding of the cultures and lactose. The pH determin- 
ations of the droppings are found in table 6. 


TABLE 6 

pH op Cecal Dropphstgs of Cockerels Fed 100 c.c. of B. acidophilus Cultures 
AND 10 Grams of Lactose from 9:00 to 11:30 a.m. 



A study of this table shows that with one exception (No. 8 on 
November 16, pH 6.0), the pH of all cecal droppings collected in the 
afternoon fell between 4.8 and 5.4. The droppings collected in the 
morning, however, showed the same pH variation as previously 
observed, slightly more than half being between 6.0 and 7.0 and the 
remainder between 5.0 and 6.0. It was noted that the afternoon 
passages of cecal droppings, the pH of which was low, were quite 
liquid or filled with gas bubbles. In this condition they quickly became 
mixed with other droppings on the trays which made it impossible to 
secure satisfactory samples in many instances. 

Failures to secure both morning and afternoon samples of cecal 
droppings from the same bird, therefore, were frequent, but this was 
accomplished in forty-three instances. In twenty-six instances, the 
pH of the morning droppings was between 6.0 and 7.0 and that of 
the afternoon droppings from the same bird was from 0.8 to 1.8 lower 
or between 5.0 and 5.4. In the remaining seventeen instances, the 
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difference in the pH was not marked, all of the morning' determina- 
tions falling between 5.0 and 5,8 and the afternoon determinations 
between 4.8 and 5.4. In no case, hoAvever, was the pH of a morning 
dropping lower than that of an afternoon dropping from tlie same 
bird. 

The procedure of feeding cultures of B. aoidcrpJiilus and lactose and 
collecting cecal droppings twice daily for pH determinations was next 
applied to fifteen hens one year old.’ The pH determinations are 
recorded in table 7. 


TABLE 7 

pH op Cecal Droppings op Hens Given 100 c.c. op B . acidophilus Cultures, 
ANi> 10 Grams op Lactose, from 9:00 to 11:30 a.m. 


Bird 

Dec 5 

Dec, 6 

! Dec. 7 

Dec. 10 

Dec. 11 

No. 

A. M. 

P. M. 

A.M. 

P. M. 

A. M. 

P M 

A M. 

P. M. 

A. M. 

P. M. 

26 

6 0 

i 6.2 

6 4 

i 5 4 

6 6 

6 2 1 

5 4 

5 2 

6 8 

5 0 

27 

6 4 

6 0 

6 4 

5 0 

6 2 

5 0 

6 0 

6.0 

— 

6 2 

28 

6 4 

6,2 

6 6 

6 2 

6 8 

_ 

6 8 

_ 

6 4 

-- 

29 

6 4 

— 

6 4 

6 0 

6 6 

6 2 

6 6 

5.2 

6 4 

6.0 

30 

6 4 

— 

6 6 

5 2 

6 4 

5 4 j 

5 8 

5 6 

6 0 

6 2 

31 

6.4 

-- 

6 0 

5 0 

— 

6 4 ! 

5 2 

5 2 

6 4 

6.4 

32 

6 0 

5 2 

6 4 

5 2 

6 2 

6 0 

5 0 

5 0 

6 4 

6.0 

33 i 

6 2 

5 4 

6 4 

5 0 

6 2 

— 

— 

— 

6 2 

— 

34 ! 

6 8 

— i 

6 0 

5 0 

6 6 

6 2 1 

— 

6.2 

5 4 

6 4 

36 

6 6 

6 0 

6 6 

5 2 

6 4 

6 2 

5 2 

5.0 

6 2 

6 2 

36 

6,2 

6.6 

6 6 

6 4 

6 4 

6 0 

6 6 

4 8 

6,4 

6 2 

37 

6 4 

6 2 

6 0 

— 

6 2 

5 0 

6 2 

5 0 1 

6.2 

— 

38 

6.4 

5 4 

6 6 

__ 

6 4 

5 2 1 

6 4 

6.2 

6.6 

6 2 

39 

6 2 


6 2 

5 2 

6 0 

6 2 

6 2 


5 4 


40 

6.2 

5 2 

6 2 

6 0 

6 4 

6 0 

— ' 

n.o 

— 



“ — ’’dCecal droppings absent or mixed with other droppings. 


This table shows the results to correspond closely to those of the 
preceding experiment. The pH of the cecal droppings collected in 
the afternoon was uniformly between 5.0 and 5.4, while that of a 
majority of the samples of droppings collected in the morning was 
between 6.0 and 6.8. 

The same fifteen yearling hens were used in the third experiment. 
Between 9 and 10 o’clock each morning, 50 c. c. of B. acidophilus milk 
culture and 5 grams of lactose were introduced into the crop of each 
bird with a pipette. This insured a uniform dose of cultures and lac- 
tose for each bird at a given time each day. Cecal droppings were 
collected and pH determinations were made twice daily as before. 
The pH determinations are given in table 8. 

From this table it is seen that the pH of the t^al droppings, 
passed within six hours after the administration of 50 e. c. of jS. acid- 
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ophil’U^ cultures and 5 grams of lactose, was in every instance between 
4.8 and 5.4. The pH of the cecal droppings passed from eight to 
twenty-four hours after the administration of the milk cultures and 
lactose, however, was in most instances above 6.0. 

The results of this series of three experiments demonstrate that 
when milk cultures of B, aicidophihis and lactose are fed to chickens, 
the acidity of the cecal contents, as indicated by hydrogen ion con- 
centration determinations, increases within a few hours. This 
change, however, is of short duration as is shown by pH determin- 
ations made on the cecal droppings passed eight to twenty-fours hours 
after the B, acidophilus cultures and lactose had been fed. 


TABLE 8 

pH of Cecal Droppings of Hens Given 50 c.c. of Bacillus accidophilus 
Cultures and 5 Grams of Lactose with a Pipette 


Bird 

Dec 

; 12 

Dec 13 

Dec. 14 

1 

Dec. 16 

Dec 18 

Dec 19 

No. 

A M. 

P. M. 

A M 

P M. 

♦ A. M 

P. M. 

A. M 

P. M. 

A. M. ! 

P.M. 

A, M. 

26 

6 2 

5 2 

6 6 

4 8 

5 6 ; 

5 0 





6.0 




27 

6.0 

6 2 ' 

6 2 ; 

4 6 

6 2 

6 0 ! 

— 

— 

— 

6 0 ' 

— 

28 

6 8 

5 4 ' 

6 8 

— 

6 4 

5 0 

6 8 

— 

6.0 

— 


29 

6.6 

5 0 

6 4 

5 2 

64 

50 

6 4 

— 

6 6 

6 2 

6.4 

30 

6 2 1 

5 2 

6 0 

6 2 

6.6 

64 

5 6 

__ 

8 2 

4 8 • 

— 

31 

6 0 

5 2 

6 2 

5 2 

6 0 

6 4 

6 2 


5.8 

4,8 

6.4 

32 

5 6 ! 

4 8 

6 0 

5 0 

6 6 1 

52 1 

— 

— 

— 

4.6 

5.8 

33 

6 8 

4 8 

6 2 

5 0 

6 2 

48 1 

5 4 

— 

6 4 

— 

— 

34 

5 4 : 

6 4 

5 8 

5 4 i 

6 6 

4 8 ; 

6 4 

— 

6 8 

». 

6.0 

35 

6 4 ; 

6 2 

5 8 

6 2 

6 2 

6 2 

6 0 

— 

6.4 

6 4 

— 

36 


5 2 

6 2 

6 2 

6 4 

6 6 

— 

— 

6 4 

6 2 

— 

37 

6.2 

6 0 

6 0 

6 0 

6 4 

4 8 

6 4 

— 

6.2 

5 0 

— 

38 1 

6 4 

4 8 

6.8 

6 2 

6 0 

4 8 

6 6 

— 

6 4 

60 

— 

39 i 

5 6 

5 2 

5 8 

6 0 

6.2 

6 2 

6 0 

— 

6 4 

4 8 


40 

6 2 

6 2 

“ 

— 

6 4 

— 

— 

— 

6.2 

6 2 

— 


" — ”“=Cecal droppings absent or mixed with other droppings. 


Effect op the Oral AoMiNiSTRiVTiON op Lactose Aloiste 

This experiment was designed to determine if by feedipg chickens 
lactose alone the hydrogen ion concentration of the cecal contents 
would be changed to the same extent as when milk cultures of B, 
addophd'iiLs were fed alone or combined with lactose. Ten yearling hens, 
divided into two groups of five each, were used. Each bird in one 
group received 5 grams of lactose each morning. In the other group, 
5 grams of lactose was given to each bird morning and afternoon. The 
purpose of this was to determine whether by two feedings, the pH of 
the cecal contents would remain continuously low instead of for 4 few, , 



156 


Hilganlm 


[Vol. 1, No. 8 


hours after feeding, as occurred when B. acidophilus cultures and 
lactose were fed in the morning only. 

Beginning on the day the first dose of lactose was given, cecal drop- 
pings for pH detenninations were collected on five successive days. 
The pH determinations are given in table 9. 

TABLE 9 

pH of Cecal Droppings of Hens Given One or Two 5-Gram Doses of 

Lactose Daily 


One 5-gram feeding of lactose daily 


Bird 

Jan 

28 

Jan 

29 

Jan, 30 

Jan 

31 

Feb. 1 

Feb. 2 

No 

A. M 

P. M. 

A M 

P M. 

A M. 

P M 

A. M. 

P. M 

A. M. 

P. M 

A. M. 

34 

6 4 



5 6 

5 2 

6 0 

— 

5 4 

5 2 

6 0 

5,6 

6 0 

39 

6.6 

— 

6 8 

__ 

6 4 


6 0 

— 

6 8 


7 0 

40 

6 8 

— 

6 6 

5 4 

__ 


6 6 

— 

6 4 



41 

— 

6 6 

6 6 

— 

6.8 

5 4 

6 4 

— 

5 6 


6 6 

42 

6 0 

— 

— 


6 4 

6 4 

6 0 

— 

6 0 

— 

6.2 


Two 5-gram feedings of lactose daily 


26 

6 8 



5 2 

5.4 

5 0 



5 2 



5 2 



6 6 

27 

6 4 

— 

— 

— 

6 0 

-- 

— 

— 

— 



28 

7 0 

__ 

— 

— 

— 

6 0 

5 6 

— 

5.6 


5 2 

32 

* 6 8 

— 

— 

— 

— 

— 

— 

— 

5.0 

— 

— 

33 

— 

5 2 

__ 

— 

5.4 

5 4 

6 6 

— 

5,4 

— 

5 2 


“ — ”«:Cecal droppings absent or mixed with other droppings. 


TABLE 10 

A Eeversal of the Groups in Table 9 


One 5-gram feeding of lactose daily 


Bird 

Feb. 4 

Feb. 5 

Feb. 6 

Feb. 7 

Feb. 8 

Feb. 9 

No. 

A. M. 

P. M. 

A. M. 

P. M. 

A. M, 

P. M. 

A. M. 

P. M. * 

A. M. ' 

P. M. 

1 A. M. 

26 

6 2 

1 6 6 

6 6 



6.6 



7.0 



' 



6 4 

27 

6.6 


5 8 

__ 

5 2 

5.2 

6 4 

— 

6 0 

6 4 

6 8 

28 

6 8 

— 

5.6 


6.8 


6 8 

4 8 

— 

5 6 

6 0 

32 

6 8 

-- 

— 


6 2 

— 

-- 

5 2 

6 6 

— 

6 4 

33 

6.2 , 

5.8 


5 2 

7.0 

— 

6 2 

— 

“ 

5 0 

5 8 


Two 5-gram feedings of lactose daily 


34 

6 8 



; 5 0 

5 0 

6.0 



5.0 


! _ 



39 

6 4 

— 

5.2 


— 


— 

— 

t 5 0 

— 

— 

40 

6.2 



— 

6.2 

— 

5 6 

— 

_ 




41 

6 6 

-- 

5 0 

5,0 

5 2 

6.0 

4 8 


! 5.0 

i 

5 0 

42 

6 0 


5 4 

— 

5 0 j 

6 0 

5 0 

— 

4,8 

6.2 ; 



“ — ”=Cecal droppings absent or mixed with other droppings. 
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The watery and gaseous condition o£ the cecal droppings from 
these birds seemed even more pronounced than when birds were fed 
B. acidophilus cultures. As a result, failures to obtain suitable sam- 
ples of cecal droppings were frequent. 

The pH determinations of cecal droppings from the birds given 
lactose in the morning only were uniformly below 5.6 when collected in 
the afternoon, but, wuth few exceptions, were between 6.0 and 6.8 
when collected in the morning. These results are in accordance with 
those obtained when B. acidophilus cultures, in addition to lactose, 
were fed. When lactose was given twice daily, however, with the 
exception of those collected on the morning of the first day before 
any lactose had been fed, the pH of both morning and afternoon cecal 
droppings ranged from 5.0 to 5.6. 

This experiment w^as now^ repeated. The only change of procedure 
was a reversal of the twn groups with respect to lactose administra’ 
tion. The birds in the group that formerly received one daily 5-gram 
dose of lactose now received two, and those in the group that formerly 
received two doses of lactose now received one. The purpose was to 
determine whether the uniform acidity of the cecal droppings, passed 
by the birds to which lactose was administered twice daily, was due 
to the administration of lactose and not to a peculiarity of the birds. 
The pH determinations are recorded in table 10. 

These results are in accordance with those of the preceding trial. 
When the birds were given a 5-gram dose of lactose in the morning 
only, the pH determinations of the cecal droppings passed during the 
afternoon were betw^eenh.O and 5.6, while those of the cecal droppings 
passed during the night or in the morning ranged, with few exceptions, 
from 6.0 to 7.0. When the birds received 5-gram doses of lactose both 
morning and afternoon, however, the limits of variation of the pH 
of both the morning and afternoon collections of cecal droppings were 
determined to be 4.8 and 5.6. 

The results of the three trials indicate that the hydrogen ion con- 
centration of the cecal contents of chickens can be increased as readily 
and to an equal degree by the administration of 5 grams of lactose 
alone as by giving 5 grams or 10 grams of lactose plus 50 c. e. or 100 
c, c. of milk cultures of B. acidophilus. The results also suggest that 
the hydrogen ion concentration of the cecal contents of a chicken that 
is given two 5-gram doses of lactose each day will be continuously 
greater than that of birds fed grain only. 
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Effect of Feeding Mash Containing Lactose or Dry Skim-miek 

In the preceding experiment, it was found that a single oral admin- 
istration of 5 ^ams of lactose would result in lowering the pll o£ the 
cecal contents. Within less than twenty -four hours, however, the cecal 
contents would ag'ain show a normal pH. When two 5-g*ram doses of 
lactose were given at an interval of about eight hours, the pH of the 
cecal contents appeared to remain continuously lowered. It seemed 
probable, therefore, that a low pH in the ceca could be more readily 
maintained if means were provided for a more or less continuous flow 
of lactose through the intestinal tract. It was thought that this could 
be effectively accomplished by mixing, with the food, lactose or some 


TABLE 11 

pH of Cecal Droppings op Hens Fed Daily 40 Grams op Mash Containing 

5 PER CENT OP Lactose 



Feb. 6 

j Feb. 7 

j F eb . 8 

Feb. 9 

Feb. 10 ! 

Feb. 11 

Fob. 12 

Feb. 13 

Feb. 14 

1 

A.M. 

P.M. 

A.M. 

P.M. 

A.M. 

P.M, 

A.M. 

1 

P.M.; 

1 

A.M. 

1 

P M 

A.M. 

P.M. 

A M. 

P.M. 

A.M. 

P.M. 

A M. 

P.M. 

1 

6.6 

6.2 

6.0 

5 8 

6.4 



6 6 



6 2 



6 6 

5 2 

6 6 



5 8 

5 4 

6.6 

5.2 

2 

— 

— 

6,2 

— 

6.8 

— 

5.6 

— 

6 4 

5 2 

5 6 

6 2 

6 8 

6.8 

6.2 

5 4 

6.6 

6 8 

3 

— 


— 

6 2 

— 

— 

6 6 


6 6 


6 6 

6.0 

6 6 

— 

5.0 

S 2 

6.8 

6 6 

4 

6 8 

5.2 

6.4 

6 2 

6.4 

6.0 

6 2 

— 

6 0 

— 

5 4 

6 2 

6.4 

6.0 

5.6 


6,6 i 

6.2 

6 

— 


6.0 

— 

— 

— 

5.8 

— 

6 6 

— 

6 0 

— 

7.0 

6.0 

6.8 

6.4 

5 6 

— 


“ — Cecal droppings absent or mixed with other droppings. 


other dry milk product, such as dry skim-milk, ■which contains a large 
percentage of lactose. Dry skim-milk was thought to be particularly 
worthy of trial because of the suitability, as a food for poultry, of the 
ingredients it contains in addition to lactose. This composition, it 
was believed, would make its employment more practicable than that 
of lactose for field use in the control of eoccidiosis in case it was found 
that lactose feeding was effective against the disease. 

A series of four feeding trials was conducted therefore, to deter- 
mine whether feeding mash containing lactose or dry skim-milk would 
cause the pH of the ceca to remain continuously lowered, and if so, 
what proportion, of the total food consumption should be lactose or 
dry skim mdlfc in order to bring about this change. 

In the first trial, 40 grams of mash containing 5 per cent of lactose 
were fed daily to each of five yearling hens. Mash only was 
available to the birds from 10 a.m. to 4 p.m., hut at ot33tl#*!&nes mixed 
whole grain was also before them. 
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Ceeal droppings for pH determinations were collected between 8 :30 
and 9 :00 a.m. and between 4 :00 and 4 :30 p.m. for nine successive day>s. 
The results, as recorded in table 11, show that, while in many 
instances the pH of the cecal droppings was found to be between 5.0 
and 5.6, this occurred in less than half of the pH determinations. It 
occurred with greater frequency in the afternoon droppings than in 
those collected in the morning. This shows that acidity of the ceca 
can be increased by feeding hens lactose mixed with mash, but indi- 
cated that the amount used in this case was too small. 

In the second trial, two groups of four hens each were used. To 
Group I was fed mash containing 10 per cent of lactose, and to Group 
II mash containing 20 per cent of dry skim milk. The dry skim milk 
contained 50.6 per cent of lactose, which made the lactose content 
approximately the same in the mash for both gi'oups. The amount 
consumed by each bird was determined by placing a weighed amount 
in the feed cups each morning and weighing out the unconsumed por- 
tion on the following morning. Cecal droppings for pH determination 
were collected twice daily in the first trial. The results are given in 
table 12. 

It was found that in neither group was there a constant increase 
of acidity in the cecal contents. The pH of droppings collected in the 
afternoon was, with few exceptions, below 5.6, but in most instances 
the pH of the morning collection of night droppings was determined 
to be between 6.0 and 7.0. 

The daily mash consumption by the individual birds varied from 
45 to 120 grams. The daily lactose consumption by the individuals, 
therefore, varied from 4.5 to 12 grains in Group I and from 2.25 to 
6 grams in Group II. The cecal droppings passed during the night 
following a day of heavy mash consumption frequently, but not uni- 
formly, had a low pH value. It would appear, therefore, that to main- 
tain the hydrogen ion concentration of cecal contents of chickens, con- 
stantly greater than that of birds fed entirely with grain, the food, 
irrespective of the amount consumed, must contain more than 10 per 
cent of lactose. 

In the third trial with four hens, the percentage of lactose in the 
mash was inere^d to twenty. Ceeal droppings for pH determinations 
were collected twice daily as before. The results of pH determinations 
are given in table 13. 

By this table, it is seen that the pH values of all cecal droppings 
were between 48 and 5.6. These results, indicate, therefore, that an 
abnormal degree of acidity can be continuously maintained in the ceca 
of chickens when 20 per cent of the food is lactose. 
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TABLE 13 


pH op Cecal Droppings and Eood Consumption op Hens Fed Mash Containing 
20 PER CENT Lactose. Feeding Startfj) on March IS, 1924 


Fowl 

No. 

March 18 

March 19 

March 20 

March 21 

March 22 

Mar. 23 

A M 

P M 

A M. 

P M. 

A M. 

P M 

A. M. i 

P. M. 

A. M 

P. M. 

A. M. 

1 

6 4 

— 

5 4 

4 8 

5 0 

— 

4 8 

6 0 

4 8 

4 8 

6 0 

2 

6 8 

_ 

5 6 

4 8 

4 8 

5 0 

4 8 

4 8 

5 0 

6 2 

5 0 

4 

6 8 

— 

4 8 

6 2 

4 8 

6 2 

4 8 

5 2 

5 2 

— 

5 2 

42 

6 2 

— 

4 8 

— 

— 

— 

— 

— 

5 4 

— 

5.0 


Grams of mash csonsumed 


1 

65 

60 

1 

55 

50 

50 

2 

100 

85 1 

100 I 

100 

90 

4 

105 

70 1 

60 

70 

90 

42 1 

110 

70 

70 

65 

30 


Lactose — equivalent in grams 


1 

13 

12 

11 

10 

10 

2 

20 

17 

20 

20 

18 

4 

21 j 

14 

12 

14 

18 

42 

22 1 

14 

14 

13 

6 


“ — ” = Cecal droppings absent or mixed with other droppings. 


In the last of the series of four feeding trials, mash containing 
30 per cent of dry skim milk was fed to five hens. The pH values of 
the cecal droppings were determined twice daily and are recorded 
in table 14 : 

TABLE 14 


pH of Cecal Droppings and Food Consumption op Hens Fed Mash Containing 
30 PER CENT Dry Skim Milk. Fep-DIng Started March 24, 1924 


Fowl 

March 25 

March 26 

March 27 

1 March 28 

March 29 

Mar. 30 

No. 

i A M 

P. M, 

A.M. 

P. M. 

A. M. 

P. M. 

1 

A. M. : 

P. M. 

A. M. 

P. M. 

A. M. 

41 

6 6 

5 6 ^ 

5 0 

5 0 

6 6 

5.6 

6 6 1 

— 

6,2 

6 0 

6 4 

42 

5 2 

5 2 , 

6 0 

5.2 

6 6 

5.2 

5 0 1 


5 2 

5 0 

6.2 

43 

5 0 

— 

5.0 

5 4 

6 2 

6 0 ’ 

6 0 i 

6.0 

5 0 

50 

6.2 

44 

5 6 

5 4 

5 8 

6.2 

6.4 

6 0 1 

5.2 1 

6.0 1 

5 4 

6 0 

6 4 

45 

■” i 

_ 

70 , 

5 6 

68 

1 

6 6 1 

” 1 

64 ; 

! 

— 


Grams of rqaah consumed 


41 

i 35 

90 

96 

85 

100 


42 

60 

45 

76 

90 

120 


43 

80 

70 

70 j 

65 

70 


44 

70 

95 

96 

96 

100 


45 

65 

60 ! 

45 

60 

45 



**— ”«Cecal droppings absent or mixed with other droppings. 
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In this case, all of the cecal di^oppin^ collected in the afternoon 
and many of the morning samples showed a pH of less than 5.6. The 
pH of morning samples, however, was frequently between 6.0 and 7.0. 
These results show that the amount of dry skim milk was too small. 
It seems reasonable to assume that had 40 per cent instead of 30 per 
cent dry skim milk been used, the results would have corresponded to 
those obtained with mash containing 20 per cent lactose. 


The Bapidity op the Development and the Dueation op the In- 
crease IN THE pH op the Cecal Contents op Chickens Produced 

BY A Single Feeding of Miscellaneous Milk Products. 

These tests were designed to show the comparative effectiveness 
of sweet whole miD^ and the milk products that were used in the 
experiments discussed in preceding pages in lowering the pH values 
of the cecal contents of chickens. They were also expected to indicate 
the length of the time that acidity in the ceca produced by a single 
feeding would persist and thereby assist in determining the fre- 
quency with which feedings should be given in order to maintain the 
acidity in the ceca continuously. Individual birds were fed varying 
amounts of the different products and were kiUed at varying intervals 
afterward. The effect on the pH of the cecal contents was deter- 
mined by comparing the pH determinations of the cecal droppings 
passed before feeding with those of the cecal contents after death. 
The number of birds used, the products fed, and the elapsed time 
between feeding and killing were as follows: 

12 birds were fed from 50 c.c. to 75 c.c. of sweet whole milk and 
killed in from 1 to 2^2 hours. 

1 bird was fed 100 c.c. of milk cultures of B. (loidophUm and killed 
in 2l^ hours. 

9 birds were fed 50 c.c of mill?: cultures of B. acidophilus and 5 
grams of lactose and killed in from 2 to 24 hours. 

23 birds were fed 2 to 4 grams of lactose and killed in from 2 to 
17 hours. 

The results are recorded in table 15. 

Sumxnarizing the results as shown in the table, we find that : 

N6 change had occurred in the ceca of the three birds killed in 
i to i% hours after they were fed from 50 to 75 c.c. of sweet 
whole milk. 

Acidity had developed in the ceca of fifteen of nineteen birds killed 
in from 2 to hours after being fed 75 c.c. of sweet whole milk 
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TABLE 15 

pH of Contents of Ceca of Chickens Killed at Yakting Intervals after 
Administration of Miscellaneous Milk Products 



Age and sex of 

Milk product 

Amount 

Time 

between 

feeding 

pH of 
cecal 

droppings 

pH of cecal contents 
after death 


birds 



and 

kilhng 

before 

feeding 

Right 

Left 

32 

Mature hen 

Sweet whole 

60 c.c. 

1 hr. 

6.0 

6 0 

6.0 

43 

Cockerel 

Sweet whole 

75 c.c. 

14 hrs. 

6 8 

6 0 

6.0 

27 

Mature hen 

Sweet whole . „ 

50 c c 

If hrs 

7 0 

6 4 

6 4 

34 

Mature hen 

Sweet whole 

75 c.c. 

2 hrs. 

6 0 

5 0 

5 0 

144 

Cockerel 

Sweet whole 

75 c c. 

2 hrs. 

6 8 

6 6 

6 4 

145 

Cockerel . .. 

Sweet whole 

75 c c 

2 hrs. 

6 2 

6 0 

6 0 

146 

Cockerel 

Sweet whole 

75 c c. 

2 hrs. 

6 6 

5 4 

5 6 

147 

Cockerel 

Sweet whole 

75 c c 

2 hrs. 

6 0 

5 0 

5.0 

148 

Cockerel . . 

Sweet whole 

75 c.c. 

2| hrs. 

6 8 

6 0 

6 0 

149 

Cockerel 

Sweet whole .. . 

75 c.c. 

21 hrs 

6 0 

5 2 

5.4 

410 

Cockerel 

Sweet whole 

75 c c 

21 hrs. 

6 8 

5.0 

5 0 

24 

Mature hen 

Sweet whole 

75 c.c. 

2i hrs. 

6 8 

5 0 

5 4 

40 

Mature hen 

Acidophilus culture 

100 c c. 

21 hrs 

6 6 

6 0 

5 4 

20 

Mature hen 

Acidophilus culture 
+Lactose 

50 c.c. 

5 gms. 

2 hrs. 

6 0 

5 0 


16 

Mature hen, 

Acidophilus culture , 
+Laotose ... 

50 c c 

5 gms. 

2 hrs. 

6 4 

4.8 


4 

Mature hen . 

Acidophilus culture . 
+Lactose 

50 c c. 

5 gms. 

4 hrs. 

6 0 

5 3 


6 

Mature hen 

Acidophilus culture 
+Lactose 

50 c.c. 

5 gms. 

4 hrs. 

6.2 

6 2 


3 

Mature hen 

Acidophilus culture 
-l-Lactose ... 

50 c.c. 

5 gms. 

6 hrs. 

6.0 

5 0 


9 

Mature hen . 

Acidophilus culture 
H-Lactose 

50 c.c, 

5 gms. 

6 hrs. 

6 0 

6.2 


11 

Mature hen 

Acidophilus culture | 
-i-Lactose, 

50 c.c. 

5 gms. 

8 hrs. 

6.6 

5.4 


10 

Mature hen .. 

Acidophilus culture . 
4-Lactose 

50 c.c. 

5 gms. 

24 hrs. 

' 6.8 

6 2 


15 

Mature hen 

Acidophilus culture. , 
+ Lactose 

50 c c. 

5 gms. 

24 hrs. 

5 8 

6 6 


50 

Cockerel 

Lactose . . . ; 

4 gms 

2i hrs. 

6 6 

5 4 

5 6 

51 

Cockerel 

Lactose 

4 gms 

24 hrs. 

6 4 

5.6 

5 0 

52 

Cockerel 

Lactose .... 

4 gms 

24 hrs. 

6 4 

6 4 

6.6 

53 

Cockerel 

Lactose 

4 gms. 

24 hrs. 

6 8 

5 8 

5 4 

54 

Cockerel 

Lactose 

4 gms. 

24 hrs. 

6 0 

5 0 

6 4 

55 

Cockerel 

Lactose 

4 gms. 

24 hrs 

6 0 

5 6 

5.4 

56 

Cockerel 

Lactose 

4 gms 

24 hrs. 

6 6 

6 8 

6 0 

101 

Cockerel 

Lactose ... 

4 gms 

84 hrs. 

6.2 

5.4 

5.6 

102 

Cockerel 

Lactose 

4 gms. 

84 hrs. 

6 4 

6 2 

5 4 

103 

Cockerel 

Lactose 

4 gms. 

§4 hrs. 

6 6 

5 0 

5 0 

141 

Cockerel 

1 Lactose 

4 gms 

84 hrs. 

6 8 

5 4 

5 8 

142 

Cockerel 

1 Lactose 

4 gms. 

84 hrs. 

6 8 

6.6 

6.2 

170 

Cockerel 

Lactose 

4 gms. 

84 hrs. 

6 4 

5 2 

6.4 

64 

Cockerel 

Lactose 

2 gms. 

12 hrs. 

6 0 

6.4 

6.6 

66 

Cockerel 

i Lactose . . . 

2 gms. 

12 hrs. 

6 0 

6 4 

6.0 

67 

Cockerel . ... 

, Lactose 

1 2 gms. 

12 hrs. 

6 6 

6.6 

7.0 

70 

Cook^el ... . 

, Lactose 

2 gms. 

12 hrs. 

6 4 

6 4 

6.2 

41 

Cockerel 

j Lactose 

4 gmfl 

12 hrs. 

6,2 

6.2 

5 2 

42 

' Cockerel 

Lactose 

4 gms. 

12 hrs. 

6.6 

50 

5.8 

44 

! Cockerel 

Lactose 

4 gms. 

12 hrs. 

6.6 

5.0 

5.6 

22 

Cockerel 

Lactose. . 

4 gms. 

12 hrs. 

6.8 

6.4 

6.2 

45 

Cock^l 

Lactose .. 

4gma. 

4 gms. 

12 hrs. 

6 6 

6 6 

6*2 

1 

Cock«^ . . 

Lactose-, 

■ 17 hrs. 

6 8 

5.6 

6.8 

2 

Cockerel «... 

Lactose 

4 gms. 

1 17 hm. 

8 2 

6.6 

6.4 
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100 c.c. of 48-liour milk cultures of B, cucidopMhis, 50 c.c. of milk cul- 
tures of B. acidopliilns plus 5 grams of lactose, or 4 grams of lactose. 

The acid conditiou was still present in two birds killed in six 
hours and in two killed in eight hours, after being fed 50 c.c. of 
B, acidophilus cultures plus 5 grains of lactose; in five of six birds 
killed in 8% hours after they were fed 4 grams of lactose ; in one of 
four birds killed in 12 hours after being fed 2 grams of lactose ; and 
in three of five birds killed in 12 hours after a feeding of 4 grams of 
lactose. 

The pH values of the eeca of two birds killed 24 hours after the 
feeding of 50 c.e. of B. acidophilus cultures plus 5 grams of lactose, 
and of two others killed 17 hours after the feeding of 4 grams of 
lactose was that of normal cecal contents. 

An important point not shown in the table is that cecal droppings 
of the birds killed in from eight to twenty-four hours after the feed- 
ing of a milk product showed a pH value lower than that found in 
the cecal droppings passed prior to the feeding. This is mentioned to 
show that when the pH values of the cecal contents of the birds that 
were killed in from 8% to 24 hours after a feeding were found to 
be normal, it could be interpreted as a return to normal (6.0 to 7.4) 
from a lower point, not as a failure of the treatment to produce acidity 
in the ceca of the birds. 

In most instances the pH values of both ceca of the same bird were 
in close agreement. Exceptions to this were found in birds Nos. 142, 
22 and 1, in which the pH of the contents of the two ceca were 5.6 
and 6,2, 6.4, and 5,2, and 5.6 and 6.8, respectively. This variation 
in the character of the contents of the two ceca of the same bird may 
be a source of occasional error in the interpretation of the pH value 
of droppings as representing those of cecal contents of a, bird. 

Th^ tests demonstrate, therefore, that a certain abnm^al degree 
of acidity may be produced in the ceca of chickens within two hours 
after feeding suitable amounts of sweet whole milk, milk cultures of 
B. addophUus or lactose. The acidity so produced may persist for 
from eight to twelve hours, but probably not for a longer period. 
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Summary and Conclusions 

Feeding milk cultures of B, acidophihis to chickens resulted in 
the implantation of B, acidophilus in the ceca. In some instances, 
nearly 100 per cent of the bacteria present in smears of the cecal con- 
tents stained by Gram’s method were of the acidophilus type. The 
implantation of B, acidophilus in the ceca of chickens, however, did 
not change the pH value of the cecal contents. 

The part of the droppings of chickens originating in the ceca are 
voided separately and can be differentiated from the part of the 
droppings from other portions of the intestinal tract. It is possible, 
therefore, to study changes in the cecal contents of the same chicken 
that occur from day to day. 

The pH of the cecal contents of chickens was changed from the 
normal range of 6.0 to 7.4 to a range of 4.4 to 5.6 by feeding sufficient 
amounts of whole sweet milk, milk cultures of B, acidophiUts^ milk 
cultures of B. acidophilus plus lactose, lactose alone, or dry skim milk. 

Since lactose is the only ingredient common to all of the milk 
products used, the change in hydrogen ion concentration of the cecal 
contents produced by feeding milk or a milk product would appear 
to be due to the lactose it contains. 

The change in the hydrogen ion concentration of cecal contents 
from a single feeding of a milk product occurred within two to two 
and one-half hours after the feeding and returned to normal within 
eight to twenty-four hours after the feeding. The rapidity of develop- 
ment and the short duration of the change in hydrogen ion concen- 
tration indicates that it is not a result of modification of the flora of 
the intestinal tract. 

An abnormal d^ee of acidity in the ceca was constantly main- 
tained by the individual administration to chickens of one or two 
grams of lactose twice each day at an interval of about eight hours, 
or by the continuous feeding of mash mixtures containing 20 per 
cent of lactose. The feeding of mash containing 40 per cent dry 
skim milk would also provide approximately 20 per cent of lactose in 
the mash and should, therefore, accomplish the same result. 
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THE INFLUENCE OF FEEDING LACTOSE OR DRY SKIM 
MILK ON ARTIFICIAL INFECTION OF CHICKS 
WITH EIMERIA AVIUM 

J. E. BEACH AND D. E. DAVIS 


Introduction 

The experiments reported in this paper consist of a series of five 
trials in which it was attempted to combat artificially-prodnced coc- 
cidial infection in chicks by feeding them with sufficient lactose or 
dry skim milk to change the hydrogen ion concentration of the ceca 
from the normal range of 6.0-7,4 to a range of 4.4-5.6. It was thought 
that, by this means, an environment unfavorable or destructive to 
the tissue-invading stages of the parasite, viz., the sporozoites and 
merozoites, might be created. 

The first three trials were carried out under laboratory conditions, 
the chicks being confined in cages with grilled bottoms and fed in cups 
suspended on the cage doors. In the last two trials, the chicks were 
reared in brooder pens under normal field conditions, except that no 
outside runs were provided. 

After the feeding of lactose or dry skim milk was begun, the 
chicks were inoculated by introducing into their crops with a pipette 
a large number of sporulated oocysts of Eimeria avmm, A control 
group of chicks that was fed neither lactose nor dry skim milk was 
included in each trial. An estimate of the number of cysts admin- 
istered to each chick was obtained by making a direct microscopic 
count of the cysts in %oo of the inoculum. Material for inocul- 
ation was provided by cultures of the cecal contents of chicks affected 
with coccidiosis prepared as follows: A thin layer of cecal contents 
containing large numbers of oocysts was spread over the surface of 
salt solution agar plates.^ Salt solution to keep the surface of the 
plates moist was added as required. The cultures were incubated at 
room temperature until microscopic examination showed that sporula- 
tion of the oocysts had occurred. 

1 The writers are indebted to H. W. GraybiU for suggesting the use of and 
furnishing the formula for the ^^salt solution agar.^' The formula is as follows : 
Agar, 20 gms.; sodium chloride, 5 gms.; distilled water, 1000 c-O. The agat is 
cut up, tied in a gauze bag and washed for two hours in running water before tbe 
medium is made up. 
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First Trial 

Ten chicks, four weeks old, were divided into two groups of five. 
They had been reared in an eniuronment thought to be free from 
Eimeria aviuyn. From March 14, 1924, each bird in Grouii I was given 
1 gram of lactose twice daily at 9 a. m. and 4:30 p. m. Group II, 
the control, received no lactose. On March 15, approximately 45,000 
sporulated oocysts were introduced into the crop of each bird in both 
groups. Cecal droppings for pH detei'minations were collected twice 
each day. The pH determinations of the cecal droppings and the 
effect of the inoculation on the chicks are recorded in table 1. 

The pH determinations of the cecal droppings showed a constant 
higher degree of acidity in the ceca of the birds of the lactose group 
than in the controls. 

Blood appeared in the droppings of two birds (nos. 52 and 54) 
of the lactose group on the sixth day. No. 52 passed blood for one 
day only, but No. 54 continued to do so for three days. Merozoites 
were present in the bloody droppings from these birds. None of the 
birds in this group were otherwise visibly affected. Oocysts were 
found in the droppings of all birds after the sixth day. 

Three of the five controls were passing bloody droppings on the 
fifth day. All passed blood and three died from eoceidiosis on the 
sixth day. The fourth death from this cause occurred on the ninth 
day. The one remaining bird ceased passing blood after three days 
and exhibited no further symptoms. 

All the birds were killed for autopsy on the eleventh day. The 
ceca of four of those in the lactose group appeared to be normal. 
One cecum of No. 52, was filled with a caseous core. 

Both ceca of the one survivor of the control group were filled 
with a bloody, caseous core. 

The results indicate that the lactose feeding \vas of marked benefit 
in combatting artificial infection with sporulated oocysts of Eimeria 
avmm. Two of the birds in the lactose group passed bloody droppings 
in which merozoites were present, and oocysts occurred in the cecal 
droppings of all birds. This is evidence that at least a part of the 
sporozoites released from the sporocysts were unharmed and invaded 
the cells of the cecal mucosa where both the sexual and asexual cycles 
of development were completed. It is possible that the dose of oocysts 
was too large to be entirely overcome, or that the increased acidity in 
the ceca waB more destructive to the merozoites than to the BpOTomiim . , 
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Second Tkial 

Ten cMcks, six weeks old, were divided into two ^onps of five. 
The method of procedure was the same as in the first trial. The feed- 
ing* of lactose to the birds in Group I was started on March 28, 1924. 
Three days later, approximately 40,000 sporulated oocysts were intro- 
duced into the crop of each bird of both groups. The pH determin- 
ations of the cecal droppings and observations on the effect of the 
inoculation are given in table 2. 

As in preceding experiments, an abnormal degree of acidity in 
the ceca was produced by the feeding of lactose. 

One bird of the lactose group began voiding bloody droppings on 
the fifth day and three others on the sixth day. Both merozoites and 
oocysts were found in the droppings. The appearance of the drop- 
pings had become normal on the eighth day and these birds exhibited 
no further symptoms. The fifth bird of Group I was found dead from 
coccidiosis on the morning of the sixth day. It had not previously 
appeared sick nor passed blood with the droppings. 

Three of the control group were voiding bloody droppings on the 
fourth day. On the fifth day all showed marked droopiness and were 
passing blood. Four died from coccidiosis, three on the sixth day 
and one on the twelfth day. The remaining bird was visibly sick for 
several days but finally recovered in so far as the manifestation of 
symptoms was concerned. 

All survivors were killed for autopsy on the fifteenth day after 
inoculation. The ceca and other organs of the four birds of the lactose 
group were normal in appearance. Microscopic examination of the 
cecal contents for coccidial cysts was negative. 

The ceca of the one survivor of the control group were found to be 
entirely filled with solid, bloody, caseous cores which contained numer- 
ous oocysts. 

These results closely parallel those of the preceding trial. It was 
again demonstrated that feeding lactose did not prevent the sporo- 
zoites from invading the epithelial lining of the ceca where the cycles 
of development of the parasites were completed. In four of the five 
birds, however, further development of disease was arrested.5' The 
death of the one bird might have resulted entirely from the tissue 
damage caused by the invasion of the sporozoites and completion of 
their developmental cycles. This would appear to be additional evi- 
dence that the acidity produced in the ceca by feeding lactose to ^ 
chickens is more destructive to the merozoite than to the spor^tte , 
forms of Mmerm avium. V * j* i 
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=Droppmg8 contain blood. When “B’' alone appears in a space, it indicates that all cecal droppings contained blood and no normal sample was taken for 
pH determination. When both B and a pH value appear in a space, it indicates that blood was present in some of the ceeal droppings but some normal 
droppings were present and were sampled. 

-=Cecal droppings absent or hquid and mixed with other droppings. 
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Third Trial 

In this experiment, the protection of* chicks against coccidiosis was 
attempted by feeding them lactose or dry skim milk mixed with their 
mash. Sixty-eight chicks, six weeks' old, were used. On May 20, 
approximately 50,000 sporulated oocj^sts were introduced into the 
crop of each bird. The chicks were divided into three groups and 
immedately supplied wth the following rations: 

Group I (controls), consisting of twenty-four birds, was fed a 
plain mash mixture. 

Group II, consisting of twenty-two birds, was fed mash containing 
40 per cent dr\^ skim milk. 

Group III, consisting of twenty-two birds, was fed mash contain- 
ing 20 per cent lactose. 

The dry skim milk contained 50.6 per cent lactose. This made 
the lactose content of the mashes for groups II and III approximately 
the same. 

Fourteen deaths from chilling occurred during the three days 
following infection. The number of birds in Group I was thus reduced 
to twenty and in Groups II and III to seventeen each. 

Mash was kept constantly before the birds, no other food being 
supplied. No preliminary feeding of dry skim milk or lactose before 
the administration of oocysts was given. 

From two to four birds w’ere placed in each cage. Samples of cecal 
droppings for pH determinations were collected twice daily. Since 
there was more than one bird in a cage, it could not be determined 
from which individual a particular sample originated. This 
procedure, however, served to show differences between the pH 
values of cecal droppings of the three groups. When all deposits 
of cecal droppings from the birds in a cage were of the same physical 
character, one sample only was taken, otherwise more than one sam- 
ple was taken. The first samples of droppings were collected on May 
21, the day after the birds were inoculated and the feeding of lactose 
and dry skim milk was begun. The pH determinations and a summary 
of the effect of the inoculation on the birds are given in tables 3 and 4. 

With few exceptions, the pH of the cecal droppings from the birds 
of Groups II and III was between 4.8 and 5.6, while in Group I, it 
ranged from 6,2 to 7.4. 

A portion of the cecal droppings passed by Groups II and III on 
the fifth day- contained some blood. This was more marked on the 
sixth day. A slight amount of blood was present in the droppings 
on the seventh and eighth days, but thereafter they were normal. 
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:=Dropping8 contain blood. When alone appears in a space, it indicates that all cecal droppings contained blood and no normal sample was taken for 
pH determination. When both B and a pH value appear in a space, it indicates that blood was present m some of the cecal droppings but some normal 
droppings were present and were sampled. 

—Cecal droppings absent or hquid and mixed with other droppings. 
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Third Trlil 

In this experiment, the protection of chicks against coccidiosis was 
attempted by feeding them lactose or dry skim milk mixed with their 
mash. Sixty-eight chicks, six weeks old, were used. On May 20, 
approximately 50,000 sporulated oocysts were introduced into the 
crop of each bird. The chicks were diidded into three groups and 
inamedately supplied wth the following rations: 

Group I (controls), consisting of twenty-four birds, was fed a 
plain mash mixture. 

Group II, consisting of twenty-two birds, was fed mash containing 
40 per cent dry skim milk. 

Group III, consisting of twenty-two birds, was fed mash contain- 
ing 20 per cent lactose. 

The dry skim milk contained 50.6 per cent lactose. This made 
the lactose content of the mashes for groups II and III approximately 
the same. 

Fourteen deaths from chilling occurred during the three days 
following infection. The number of birds in Group I was thus reduced 
to twenty and in Groups II and III to seventeen each. 

Mash was kept constantly before the birds, no other food being 
supplied. No preliminary feeding of dry skim milk or lactose before 
the administration of oocysts was given. 

From two to four birds were placed in each cage. Samples of cecal 
dioppings for pH determinations were collected twice daily. Since 
there was more than one bird in a cage, it could not be determined 
from which individual a particular sample originated. This 
procedure, however, served to show differences between the pH 
values of cecal droppings of the three groups. When all deposits 
of cecal droppings from the birds in a cage were of the same physical 
character, one sample only was taken, otherwise more than one sam- 
ple was taken. The first samples of droppings were collected on May 
21, the day after the birds were inoculated and the feeding of lactose 
and dry skim milk was begun. The pH determinations and a summary 
of the effect of the inoculation on the birds are given in tables 3 and 4. 

With few exceptions, the pH of the cecal droppings from the birds 
of Groups II and III was between 4.8 and 5.6, while in Group I, it 
ranged from 6.2 to 7,4. 

A portion of the cecal droppings passed by Groups II and III on 
the fifth day* contained some blood. This was more marked on the 
sixth day, A slight amount of blood was present in the droppings 
on the seventh and eighth days, but thereafter they were normal. 
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TABLE 4 

Effect op Inoculation with Sporulated Oocysts in the Third Trial 


i 

Group 
No j 

Mash fed 

Num- 
ber of 
birds 

5th day’^ 

6th day 

7th day 

8th day 

9th day 

Total 
died from 
coccidiosis 

Per cent 
died from 
coccidiosis 

I 

PInin 

20 

4B 

4B 

X 

X 

X 

18 

90 

Controls 



8S 

8S 

2 S 

2S 

OS 






3D 

8D 

6D 

1 D 

OD 



II 

40% 

17 

2B 

3B 

2B 

1 B 

OB 

10 

58 8 


Dry skim 


1 S 

4S 

OS 

OS 

0 S 




milk 


2 D 

6D 

'2D 

0 D 

0 D 



III ! 

20% 

17 

2B 

3B 

2B 

OB 

OB 1 

11 

64 7 

i 

Lactose 


2S 

2S 

OS 

OS 

OS 


[ 


- 


3D 

7D 

1 D 

0 D 

OD 




D = Died from coccidiosis Numeral preceding indicates number of birds 

S=General symptoms such, as droopmess, inappetence. Numeral preceding indicates number of 
birds. 

1 B=Blood present m less than half of cecal droppings. 

2 B=BIood present in more than half of cecal droppings, but not in all. 

3 B=Blood present m all cecal droppings, but all droppings not entirely blood. 

4 B=Cecal droppings appear to be entirely blood. 

X=No cecal droppings passed. 

*=No indications of cocci diosis before fifth day 

Blood was diseiarged profusely from all birds in Group I on the 
fifth and sixth days. No cecal droppings were passed by these birds 
after the sixth day. 

As shown in table 4, the first deaths from coccidiosis in all three 
groups occurred on the fifth day. The total mortality from this cause 
was eighteen, or 90 per cent, in Group I; ten, or 58.8 per cent, in 
Group II ; and eleven, or 64.7 per cent, in Group III. 

Besides suffering a lower mortality than the controls, a smaller 
number of the birds that were fed dry skim milk or lactose exhibited 
general symptoms and their droppings contained less blood. 

The mortality from coccidiosis was relatively high in all groups. 
This may have been influenced by a chilling the birds received during 
the first two nights after the experiment was begun and also by the 
large dose of oocysts they received. The results demonstrate, however, 
that feeding chicks mash containing 40 per cent dry skim milk, or 
20 per cent lactose, is of considerable benefit in protecting them against 
artificial infection with sporalated oocysts of Eimeria avmm. 
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Fourth Trial 

Tids experiment was designed to stow the value of feeding of 
dry skim milk or lactose in protecting chicks, kept under conditions 
approximating those found in the field, against artificial infection 
■with sporulated oocysts of Eimeria avium. 

Day-old chicks from a commercial hatchery -were transferred 
directly to clean brooder pens. To avoid natural infection with coc- 
cidiosis, no outside runs were provided. 

The chicks were divided into three groups of two pens each. To 


Group I w^as fed the following mash mixture: 

Dry skim milk 40 parts 

Wheat bran 10 parts 

Yellow corn meal 30 parts 

Ground barley 20 parts 

Cod-liver oil 2 parts 

The mash mixture for Group II consisted of : 

Lactose 20 parts 

Wheat bran 30 parts 

Bone meal 10 parts 

Meat scrap 15 parts 

Ground barley 15 parts 

Yellow corn meal 10 parts 

Cod-liver oil 2 parts 

For Group III, the controls, the mash was : 

Wheat bran 20 parts 

Bone meal 5 parts 

Meat scrap 15 parts 

Yellow corn meal 30 parts 

Ground barley 30 parts 

Cod-liver oil 2 parts 


At the time these experiments were in progress there was no sup- 
ply of green feed available in our location which was known to be 
free from contamination with oocysts, therefore, cod-liver oil was 
included in the mash to supply vitamin A. 

Scratch grain fed to all pens consisted of equal parts of fine 
cracked yellow corn, steel cut oats, and cracked wheat. 

The mash and grain were fed in the proportion of two parts of mash 
to one part of grain Fed in this proportion, the nutritive ratio of the 
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rations for all groups was 1 to 3.0."^ Masli in metal hoppers was kept 
before the chicks continuously. The amount of mash consumed was 
determined by placing a weighed amount in the hoppers each morn- 
ing and weighing out the uneonsumed portion on the following morn- 
ing. The diiferenee in the w^eights represented the amount consumed 
during the preceding twenty-four-hour period and served as an index 
of the amount of grain to feed to preserve the two to one mash and 
grain ratio. 

When the chicks were fourteen days old, inoculations with spo- 
rulated oocysts were made as follows : Approximately 250,000 
oocysts were introduced into the crop of each chick in Pen I of all 
three groups. In Pen 2 of all three groups was placed a box of steri- 
lized soil to which was added approximately 12,500,000 oocysts. The 
grain fed in these pens thereafter was scattered on the soil. It was 
thought that by this means the chicks could be made to acquire cocci- 
dial infection in a more natural manner. 

At the time the oocysts were administered, the number of chicks 
in the different pens was as follows: 

Group I — Pen 1 contained 19 chicks ; Pen 2, 24 chicks 
Group II — Pen 1 contained 18 chicks; Pen 2, 23 chicks 
Group III — Pen 1 contained 25 chicks ; Pen 2, 24 chicks 

The oocysts were administered on March 5. The chicks were kept 
under observation until March 31. 

Deaths occurred from coccidiosis on the sixth day after inoculation 
and continued until March 18, the thirteenth day. There was no 
sickness nor death after that date. A tabulated summary of results 
is given in table 5. 

In this table, it is seen that the total mortality of birds receiving 
the oral administration of oocysts was 92 per cent in the control pen, 
77.7 per cent in the lactose pen, and 42.1 per cent in the dry skim milk 
pen. Such relatively high mortality in all pens is not greater than 
is to be expected in view of the enormous dose of oocysts given to each 
chick. The results demonstrate, however, that feeding chicks mash 
containing 40 per cent of dry skim milk affords them considerable 
protection against severe coccidial infection. 

The results obtained with lactose were much less satisfactory. The 
results of preceding experiments indicate that the value of dry skim 
milk for coccidiosis control lies in the lactose it contains. There- 
fore, mashes containing 20 per cent lactose and 40 per cent dry skim 

* The writers are indebted to W. E. Newlon for assistance in eompotmdmg the 
rations. 
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milk should be equally effective. A possible explanation of the failure 
of lactose mash in this case is that a sufficient quantity was not con- 
sumed. It was observed that much of this mash was scattered in the 
litter about the feed hopper, while the dry skim milk mash was con- 
sumed without waste. 

The difference in the character of the two mashes appeared to 
be the factor responsible for the waste in one case and lack of waste 
in the other. The lactose mash contained 30 per cent of bran and 15 
per cent of meat scrap. This made a coarse, flaky mixture that was 
easily scratched out of the hopper. The coarse brown particles of meat 
scrap appeared to be attractive to the chicks and in their efforts to 
pick them out the lighter part of the mash was thrown out on the 
floor and lost. The dry skim milk mash, on the other hand, was a 
uniform, nearly white, somewhat adhesive mixture of fine texture 
which did not tempt the chicks to pick through it and which was, 
therefore, consumed without waste. 

The only serious mortality resulting from feeding grain on soil 
with which oocysts had been mixed was that of 21.7 per cent in the 
lactose pen. No chicks died in the dry skim milk pen and only 4.1 
per cent died in the control pen. The explanation of the slight degree 
of infection among the control chicks is evidently the failure on their 
part to ingest enough oocysts to produce disease, since it is definitely 
known that the oocysts were present in the soil and that the chicks 
were susceptible. 


Fifth Trial 

The method of procedure followed in this experiment, with the 
exception of the changes noted below, was the same as in the imme- 
dately preceding one. Pens in which infect on was attempted by means 
of feeding grain in soil contaminated with sporulated oocysts were 
omitted because of the uncertainty of infecting chicks by this method. 
The mash mixtures were the same, except that wheat shorts were sub- 
stituted for wheat bran and the meat scrap was sifted through a fine 
screen. The purpose of these changes was to provide as nearly as 
possible the same degree of fineness in all mashes. It was thought that 
by this means the temptation for the chicks to pick over the mash 
would be removed and the wasting of mash from this cause thereby 
avoided. 

One hundred and fifty chicks, forty-eight hours old, were divided 
into three pens of fifty chicks each. They were given their first feed 
when seventy-two hours old. Pen 1 received the 40 per cent skim 
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milk powder mask ; pen 2, the 20 per cent lactose mask, and pen 3, the 
controls, the plain mask. 

During the first five days, the ration consisted entirely of mask 
which was before the chicks at all times. At this point, the sudden 
onset of a period of cold, damp weather had an unfavorable effect on 
all of the chicks, but was more serious among those in Pens 1 and 2 
than in the control pen. This appeared to be due to the fact that the 
litter in Pens 1 and 2 became damp, while that in Pen 3 remained 
dry. This dampness resulted from the watery consistency of the 
droppings from the chicks fed dry skim milk and lactose. It was 
thought desirable, therefore, to reduce consumption of these mashes 
until the weather moderated by feeding scratch grain in addition to 
the mash. Scratch grain was fed twice daily for ten days. The chicks 
in all pens now appeared equally vigorous. From this time until 
the termination of the experiment, gi^ain was fed in the morning only 
and the amount supplied restricted to one-third that of the mash con- 
sumed. 

On April 30, when the chicks were eighteen days old, 1000 spo- 
rulated oocysts were introduced into the crop of each chick. Pen 1 
now contained forty-two chicks; Pen 2, thirty-nine chicks; and Pen 
3, forty-two chicks. 

Deaths from coccidiosis began on the sixth day after inoculation 
and continued through the seventh and eighth days. 

A summary of the results is given in table 6 : 


TABLE 6 

Tabulated Summary of Fifth Trial 


Pen 

No. 

jRation 

Number 
of chicks 
inoculated 

Total 
died from 
coccidiosis 

i Per cent 
died from 
coccidiosis 

Average 
weight 
per chick 
32 days 
old 

Average 
daily mash 
consump- 
tion per 
chick 

1 

Skim milk powder mash 

42 

1 

2 3 

185.5 gm. j 

12 5gna. 

2 

Lactose mash 

39 

3 

7 7 

133 3 gm. ! 

10.9 gm. 

3 

Plain mash { control ) 

1 

42 

10 

23 8 

146 9 gm. 

12.9 gm. 


The results, as shown in this table, clearly demonstrate the effective- 
ness of dry sMm milk in combatting eoeeidiai infection. Bloody drop- 
pings were passed by several birds in Group 1 in addition to the one 
which died, but none of them were visibly sick. 

The results obtained with lactose were less satisfactory than th<^ 
with dry skim-milk, hut still demonstrated that the birds to 
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was fed were given considerable protection against coceidiosis. As 
recorded in the table, it was found that the mash consumption in this 
pen was less than in either of the other two. This is probably a fac- 
tor responsible for the ditference in the effectiveness against eocci- 
diosis afforded by the dry skim milk and lactose mash mixtures. 

Another factor that is probably in part responsible for the greater 
effectiveness of dry skim milk against coccidiosis is the superior food 
value of this milk product as indicated by the increased growth made 
by the chicks in Group 1. 

This increase in weight amounted to 38.6 grains a chick, or 26.2 
per cent more than was made by those in the control pen, which were 
fed the plain mash, in spite of the fact that the latter consumed 0.4 
grams more mash per chick daily than those receiving the dry skim 
milk mash. The chicks which were fed the lactose mash consumed 
12.8 per cent less than those receiving dry skim milk mash and, there- 
fore, attained the least growth. 


Summary and Conclusions 

The results of the series of five experiments were uniform in dem- 
onstrating that chicks were afforded a considerable degree of pro- 
tection against coccidial infection when a sufficient amount of lactose 
or dry skim milk was added to their diet. In the trials carried out 
under laboratory conditions, this was accomplished equally well by the 
individual administration of two l-gram doses of lactose to each bird 
daily at an interval of about eight hours or by feeding chicks con- 
tinuously with mash containing 20 per cent lactose or 40 per cent dry 
skim milk. In the trials carried out under field conditions, however, 
the results obtained from the use of skim-milk powder were superior 
to those obtained fro-m the use of lactose. This was due, at least in 
part, to the fact that the chicks did not relish the mash mixture con- 
taining lactose and, therefore, consumed less of this mash than of that 
containing dry skim milk, The relatively greater increase in weight 
of the chicks fed on dry skim milk indicated that the superior iood 
value of this material was also at least in part responsible for the 
benefit derived from its use. 

The results of these experiments, confirm those described in the 
paper in ^wing that when sufficient lactose or dry skim 
Is to the hydrogen concentration of the cecal 

coifed within a rwiger ni 5.6. It m thought that 

this may be or destroy the sporo- 
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zoite or merozoite forms of Eimeria avium and that serious harm 
from the infection is thereby prevented. However, both merozoites 
and oocysts were found in the droppings of birds inoculated with 
sporulated oocysts and treated with lactose or dry skim milk even 
though the birds showed no visible signs of sickness after the inocula- 
tion. This is evidence that at least a part of the sporozoites released 
from the sporocysts were unharmed and invaded the cells of the cecal 
mucosa where both the sexual and asexual cycles of development were 
completed. A possible explanation of this is that the dose of sporu- 
lated oocysts given was too large to be entirely overcome and, there- 
fore a portion of the sporozoites escaped. Another possible explana- 
tion is that the acidity in the eeea was more destructive to the mero- 
zoites than to the sporozoites. In such a case, the invasion of the 
epithelial cells by the sporozoites and the completion of the develop- 
mental cycles within the cells would be unhindered. The merozoites, 
however, upon emergence from the epithelial cells into the acid cecal 
contents would be destroyed and further development of disease 
arrested. On this basis, the appearance of blood in the droppings 
and death on the fifth and sixth days after inoculation of some of the 
birds which were fed lactose or skim-milk powder could be ascribed 
to the tissue damage resulting from the initial invasion with sporo- 
zoites. The destruction of the merozoites, however, prevented further 
development of disease in the birds which were not fatalh^ injured by 
the sporozoite invasion. 

This explanation would not apply to the failure of lactose feeding 
in the last two eoccidiosis control trials, to afford the chicks as high 
a degree of protection against coccidial infection as was given by dry 
skim milk. This, as previously pointed out, was probably due in 
part to the difference in amount of consumption of the two mash 
mixtures by the chicks (12.8 per cent less of lactose) and also in part 
to the superior food value of the skim-milk powder. 

The fact that feeding chickens mash containing 40 per cent dry 
skim milk not only protected them against coccidial infection, but also 
stimulated rapid growth indicates that this would be a valuable prac- 
tice in the prevention and control of outbeaks of the disease on 
poultry farms. 
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INTRODUCTION 

Common aspara^is is normally dioecious. Casual observations 
in the field reveal no striking differences between the two sexes in their 
vegetative characters. Careful studies, however, show that there are 
significant quantitative differences between staminate and pistillate 
individuals. 

Secondary sex characters in plants are far less striking than they 
are in animals. It is probably for this reason that they have received 
so little attention. 

Cowles^ calls attention to the fact that ^‘immediately after flower- 
ing it often is possible to distinguish at some distance pistillate from 
staminate mulberry tre^ by their much smaller leaves, as though the 
constructive material in the former were utilized chiefly in fruit 
development, and in the latter, in leaf development.^’ Later in the 
season, the leaves are equally large on both pistillate and staminate 
individuals. 

Guinier® states that dioecism in the case of Pimis montana and 
P. sylvestris is accompanied by a certain vegetative dimorphism. In 
purely staminate individuals, the branches terminating in infloire- 
scences have the cones distributed over the greater part of the new 
shoots, a relatively small area being left at the apex for the short, 
leaf -bearing twigs. After these male cones have fallen, there m 
a long bare section at the base of each new shoot, the leaves f 
a tuft at the tip of the shoot. In purdy’ pistillate individn„^>'^/r 
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branches terminating in infloreseences are almost entirely covered 
with leaves. It is stated further that in Firms mcmtcmaij snbsp. 
uncmata (in the Pyrenees), the staminate individuals, when compared 



with pistillate, are seen to have wider spreading, somewhat inter- 
twined, branches, less abundant foliage and a more irregular and 
spreading crown. ^ ^ ‘ * 
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Hemp (Cannabis sativa L.) is dimorphic in its veg^etative as well 
as its floral characters. McPhee^ describes the differences between 
male and female individuals as follows: 

* ' Staminate plants : More slender and taller than carpellate plants 
because of the rapid elongation of the internodes just prior to anthesis; 
terminal inflorescences with practically no leaves; flowers normally 
with five sepals and as many anthers; much shorter life than the 
carpellate type. 

Carpellate plants: More vigorous but shorter than the staminate 
type; terminal inflorescence leafy; broad cro^vn of leaves; flowers 
with perianth but no vestige of stamens; weight at maturity about 
twice that of the staminate type; longer life.^’ 

Eosa® finds that the male spinach plants send up their seed stems 
and bloom from one to two weahs earlier than the female. The male 
plants die from two to four weeks after the beginning of anthesis 
while the female plants continue blooming for a period, of eight weeks 
or more. 

In Mercnlialis annua L., according to Yampolsky,® ‘‘the female 
inflorescences are borne in clusters in the axils of the leaves, while the 
male inflorescences are borne in interrupted spikes which surpass the 
leaves. ’ ’ 

Floral Development — It is, not our purpose here to describe fuUy 
the floral development in asparagus. A brief statement will suffice 
to make clear the bearing it has on the main subject matter of this 
paper. 

The first evidence of the flower is a slight rounded protuberance in 
the axil of a scale leaf (fig. 1, A). This broadens and becomes slightly 
elevated at the rim. The primordia of the outer perianth segments 
are the first to appear ; these are followed in turn by the primordia 
of the inner whorl of perianth segments, the outer whorl of stamens, 
the inner whorl of stamens, and last by the carpels. The stages in the 
development of a staminate flower are shown in fig. I. The early 
stages of development of staminate and pistillate flowers are indis- 
tinguishable. 


Mg. 2. — ^Developmental stages of two different staminate flowers (A, B, and 
C) and (D, E. F, and G), sSowing abortion of pistil. A, median lengtbwiso 
section of staminate flower; B, portion of single lo(?ul6 of antbea;, sbowhog 
waU ceBs, disintegrating tapetal cells, and pollen grains; C, ovnle of floWvr 
shown in A and B; note that in this particular flower, the megasporo jnotlt^r 
cell had not become differentiated in the ancellns, although pollen ^ ‘ 

mature; B, median lengthwise section of another staminate flower; 
flower, the megaepore mother cell had become differentiated fey the. tlmf 
pollen grains were matuire, fettt the surrounding nheeUar tissue - - - 


showed disintegraiden ; F^ist%ma of same flower; 0, section of 
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In young staminate flowers, the rudimentary pistil may have a 
shape typical of that of pistillate flowers of the same age, but it fails 



Fig. 3. — Developmental stages of pistillate flower, showing abortion of 
stamens. A, floral diagram of pistillate flower, the ovules of which have pro- 
gressed to stage shown in B, and the anthers of which have begun to manifest 
disorganization of sporogenous cells. As the flower matures, disorganization 
of anther tissue proceeds, finally attaining the condition shown in D. 

to attain normal size. The absence or very weak development of the 
style and stigma is characteristic of staminate flowers; it may have 
locales in the ovary, and ovules may begin development, but ,they 
fail to reach maturity. The ovule of the staminate flowers seldooft 
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develops further than the primary archesporial stag’e ; the integuments 
seldom attain a size sufficient to enclose the ovule. Disorganization 
of the ovule begins before the anther of the same flower has reached 
maturity (fig. 2). Young pistillate flowers may develop for a time 
stamens similar to those of the pimely staminate flowers, but the 
anthers do not attain normal size, the filaments are short, and the 
immature pollen mother cells disintegrate. Shortly after, the entire 
anther shrivels (fig. 3). 

It will thus be observed that all asparagus flowers in the primordial 
stages bear both sets of sex organs, and hence are apparently poten- 
tially hermaphroditic. During their subsequent development there is, 
except in rare cases, an abortion of either the male or female sex 
organs. The degree of abortion varies. There is no evidence of trans- 
mutation of pistils into stamens and of stamens into pistils. 

Sex Intergrades . — Sex intergrades occur in a great many plants 
(Yampolsky°) among which should be included Asparagus officinalis. 
Normal male flowers bear six well-developed stamens and a single rudi- 
mentary pistil (fig. 4). Normal pistillate flowers have a single well- 
developed pistil and six rudimentary stamens (fig. 4). Occasionally, 
hermaphroditic flowers are found. Our observations show that herma- 
phroditism in asparagus is very rare, at least under Californian con- 
ditions, and is limited to a relatively few flowers on plants that are 
predominately staminate (fig. 5). 

Regarding asparagus, Norton® states: ‘^Hermaphrodite plants 
occur now and then, but so far in our experiments can not be consid- 
ered a factor in seed production. In flowers of the typical female 
plant, the rudiments of stamens exist, but the writer has never seen 
one developed sufficiently to even suggest the possibility of self-pollin- 
ation. On the other hand, the male plants often show a well-developed 
ovary with style and stigma and sometimes even a typical stigmatic 
surfaca The great majority of male flowers, however, lack a well- 
developed ovary, the rudiments being about half the size of the normal 
ovary of the female flower and lacking any stigmatic development, the 
Siyle often being completely abortive. The hermaphrodite plants 
mentioned above are always of the male type, the flowers being for the 
greater part pure male in that they lack the complete and functionary 
ovary. In one wild plant examined the flowers at the extremities 
of the branches were typically female with weU-developed stigma and 
abortive anthers. Another hermaphrodite plant which produced seed 
that would gmmnate and make healthy, vigorous plants had many 
flowers whose ovaries lacked the stigmas. The berries on these herma- 
phrodite plants are very small and rarely have more than one seed in 
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them. The seeds are usually peculiar iu that the seed coats are not 
entirely developed. The seeds appear mottled black and white, varying 
from the white of the uncovered endosperm in the smaller seeds to 



Hg. 4. — Strongly staininate and strongly pistillate flowers in external viw, 
and with a part of the perianth segments removed. A, strongly staminate 
flower before anthesis; 3, the same, after dehiscence of anthers j C, strongly 
pistillate flower, before anthesis; B, the same, when the stigma is receptive. 

well-covered, entirely black seeds in which the coats have had their 
normal development and have completely covered the endosperm. 
These ™iall seeds make weak plants and in many cases almormal ones, 
but the larger, better developed seeds make healthy seedlixtgs of norhiai 
type.” 
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I^g. Koyeiaber 15, 1924, Davis, Calif oniia. 

The- laajori^ )(^ tbe plant Were strongly staminate, but occa- 
sionally toward fea^ 'O0'"^e a f&w bennaphroditie ftowera occurred, 

Observe the single berry. 
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The following forms of individual flowers in asparagus have been 
observed: (1) strongly pistillate, (2) weakly pistillate, (3) herma- 
phroditic, (4) weakly staminate, and (5) strongly staminate. In 
‘‘strongly pistillate’’ flowers, the ovary is well developed, the style 
is long, and the stigmatic surface plainly \dsible ; whereas, the stamens 
are represented by the merest traces of atrophied tissue (fig. 4). In 
“weakly pistillate” flowers, the ovary is somewhat smaller than in 
the preceding case, but ovule-bearing, the style is short, the stigmatic 
surface is not so well defined, and the form of the anthers may be 
observed, although no pollen is produced, and the anthers soon wither. 
In true hermaphroditic flowers, both poUen-bearing anthers and ovule- 
bearing pistils are developed. Only a very small percentage of true 
hermaphroditic flowers have been observed among the hundreds of 
flowers examined in Californian asparagus fields. In “weakly stami- 
nate ’ ’ flowers the stamens are short, but functional, and the ovaries are 
quite large and bear a short style but no ovules. In “strongly stami- 
nate flowers the stamens are well developed and normal in size, the 
pollen grains are functional, and the only evidence of the pistil is a 
very small conical body, without a. style, in the center of the flower 
(fig- 4). 

It has been observed that the same plant may bear both strongly 
and weakly pistillate flowers, or strongly and weakly staminate flowers. 

Sex Ratio in the Fields . — The ratio of staminate and pistillate 
plants in commercial fields is shown in the accompanying table. This 
ratio was determined by walking down the asparagus rows and 
recording the sex of each plant. 


TABLE 1 

Eatio of Staminate and PistilijAte Plants in the Field 


Ranch 

Location 

Bed 

set 

Date 

counted 

Num- j 
I her of 
plants i 
! ob- { 
served 

Per 

cent 

stam- 

inate 

Per 

cent 

pistil- 

late 

Per 
, cent 
plants 
not in 
bloom 

Cal. Packing Corp. 

Ryer Island 

1921 

5/5/23 

97 

50.5 

48 4 

1.1 

Cave & Patterson . 

Holland Land Tract 

1922 

6/9/23 

944 

47.3 

52 3 

0.4 

Montezuma Ranch 

Collinsville . . .. 

1921 

7/6/23 

137 1 

51 8 

i 48 2 

0 

R. J. Grahams ... . 

Walnut Grove . . 

1922 

8/9/23 

233 

50 2 

49-8 

^0 

Hamilton Bros.. . 

Tyler Island . ..’ 

1921 

9/8/23 

'■ 185 ; 

48 7 

51.3 

0- 

1 


The data show that in the commercial asparagus fields there are 
virtually equal numbers of staminate and pistillate individual^ ^ 
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Expression of Bex of Seedling Plants , — In the eastern states 
asparagus plants seldom bloom until the second year from seed, 
but in California a large percentage of plants flower the first year. 

In the asparagus nursery on the University Farm, Davis, Cali- 
fornia, the blooming or fruiting dates of many seedling plants were 
recorded. Seed was planted February 28 and March 8. 


TABLE 2 

Time or Sax Expression^ op Seedling Plants 



N umber 


Plants in bloom or fruit (1923)— Dates 

Variety 

of plants 
observed 

Sex 

7/2 

7/7 

7/11 

7/13 

7/16 

8/2 

8/4 

8/7 

8/11 

8/27 

9/3 

Palmetto . .. 

2400 

S* ' 

15 

26 

37 

88 

127 

173 

201 

398| 

450 

507 

530 

Palmetto 

2400 

p* 

0 

0 

0 

0 

0 

3 

17 

47 

861 

120 

213 


* S==staminate; P^pistillate. 


The above table shows that there is a tendency for staminate 
plants to express their sex much earlier in life than pistillate plants. 
Many plants do not flower the first season, but of those that do, by 
far the larger percentage are staminate. The last counts in the field 
were made on September 3, and by this date in ^ total population of 
24:00 plants 743 or 31 per cent had expressed th^ sex. Before the 
plants were killed by frost many more came into bloom. When the 
crowns were dug during the following winter, 482 additional plants 
were bearing fruit, making a total of 695 pistillate plants out of 2400 
which expressed their sex the first year. If half of the plants are 
pistillate then approximately 58 per cent of these bloomed the first 
season in the nursery. Many more staminate plants came into bloom 
after September, but it was difficult at the time the crowns were dug 
to identify them as only the pedicels of the flowers remained. 

Comparison of Btamvmte <md FisiHlate Seedlmg Plamis . — Each 
new shoot which arises on the crown during the first year from 
seed is usually larger than the preceding. The first four secondary 
^oote so far m ob^rved were never flower-bearing, but in a few 
individuals, the fifth secondary shoot did produce flowers. In stami- 
nate plants, the first flower-bearing shoot varied from the 5th to the 
nth (average^ 7.2 fo^the 149 plants observed) ; in pistillate plants 
the first flower-bearing shoot varied from the 5th to the 14th {average 
8.5 for the 80 plants observed). These data were taken from August, 
8 to 11 on the Palmetto variety. Thus it is seen the first flower- 
bearing shoot usually appears earlier in the life of the staminate than 
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in the pistillate plant. Measurements made on the above two groups 
of plants (149 staminate and 80 pistillate), show that the average 
height of the first flower-bearing shoot of staminate plants is 47.8 
cms., while the average height of the first flower-bearing shoot of 
pistillate plants is 62.4 cms., a difference in height of 14.6 cms., in 
favor of the pistillate stalks. 

Top Growth of Staminate and Pistillate Plants the Year Crowns 
Are Set (1924), The relative vigor of staminate and pistillate plants, 
as indicated by the top growth made by the plants the year the crowns 
are set, is shown in table 3. 


TABLE 3 

Staminate and Pistillate Plants — Comparative Top Growth the First Year 

(1924)* 


Staminate Plants 


Row 

No. 

(1) 

Number 
of crowns 

(2) 

Average number of stalks 
per plant 

Average 

total 

height per 
crown 
(inches) 

Average 
height per 
stalk 
(inches) 

Total 
weight 
green tops 
(lbs.) 

Average 
weight 
green tops 
per crown 
(lbs) 

May 25 

(3) 

Nov. 8 

(4) 

May 25 
(5) 

May 25 
(6) 

Nov. 8 
(7) 

Nov. 8 

(8) 

1 

116 

2 5 

10.5 

84.5 

33.8 

112.00 

.97 

3 

120 

2.9 


66.3 

22.8 

87.75 

.73 

5 

121 

2.9 



74.9 

25 8 

84.75 

.70 

7 

118 

2.2 


67.2 

30.4 

112.75 

1.00 

15 

233 


8.0 



142 00 

61 

17 

154 


9.7 



122 00 

79 

19 

93 


10 4 



103 50 

1 11 

21 

81 


10.8 



93 50 

1 15 

31 

120 

3.0 


73.0 

24.3 

104.75 

.87 

33 

119 

2.9 


62.3 

21.5 

88 75 

.75 

35 

118 

2.5 


50.9 1 

20.4 

88.75 

.75 

37 

116 

2.5 



74.1 

29 6 

101.25 

.87 

46 

236 


6.7 



108.50 

.48 

47 

156 


8 6 



i 121.50 

.78 

49 

93 


10.2 



90 50 

,97 

51 

79 


8.8 



66.00 

.84 

61 

120 

1.1 


46.2 

1 41.1 

89.75 

,74 

63 

117 

1.7 


44.3 

I 26.1 

82.75 

.71 

65 

120 

1.6 


41.0 

25.6 

87.75 

.73 

67 

118 

2.1 


63.7 

30.4 

101.25 

.86 

Average 

2.37 

9.3 

63.3 

27.6 

99 6 

0.82 



=fc0. m 

d=0.338 

ib2. 8 

dbl. 14 

±2,6 

±0.024 
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TABLE 3 — (Continued) 

Stamin'ate and Pistillate Plants — Comparative Top Growth the Eirst Year 

(1924)-* 

Pistillate Plants 


Row 

Number 

Average number of stalks 
per plant 

Average 

total 

height per 

Average 
height per 

Total 

weight 

Average 
weight 
green tops 

No. 

of crowns 

May 25 

(3) 


crown 
(inches) ' 

stalk 

(inches) 

green tops 
(lbs) 

per crown 
(lbs) 

(1) 

(2) 

(4) 

May 25 
(5) 

May 25 
(6) 

Nov 8 
(7) 

Nov 8 
(8) 

2 

118 

2 3 


62 0 

26 9 

86 75 

73 

4 

119 

1 9 


55 6 

29 3 

74 75 

.63 

6 

119 

2 6 


70 5 

27 7 

73 75 

.62 

8 

118 

1 6 


53.3 

33 3 

98.75 

84 

16 

235 


4 3 



143.00 

.63 

18 

154 


6.5 



129 00 

84 

20 

95 


6 8 



89 00 

94 

22 

76 


7 2 



85,00 

1 11 

32 

117 

2.0 


57 2 

28.6 

83 75 

71 

34 

120 

1.7 


51 3 

30.2 

78 75 

.66 

36 

119 

1.9 


52.0 

26.8 

79 75 

.67 

38 

116 

1 7 


55 5 

32 6 

71.75 

62 

46 

2,34 


4 5 



114 50 

48 

48 

153 


6 2 



136.50 

89 

50 

92 


6 4 



80.00 

.87 

52 

78 


7.3 



76 00 

.97 

62 

117 

1.7 


45.7 

26,8 

95 75 

82 

64 

115 

1,6 


43 5 

27.2 

86 75 

.75 

66 

114 

1.5 


44.2 

29 4 

86.25 

.76 

68 

108 

1,7 


52.8 

30.5 

101.25 

.94 

Average . 

1.88 
±0 062 

6. 15 
±0.002 

53 6 
±1.43 

29.1 

±0.66 

93 50 
±3.2 

77 

±0.024 


’ Analysis of these data shows that the differences between ataminate and pistillate plants as ex- 
pressed in columns 3, 4, and 5 are significant, whereas those of columns 6, 7, and 8 are not significant, 


Table 3 shows that during the first season staminate plants pro- 
duce a greater number of stalks, and a greater total height of stalks 
to the crown, but that there is no significant difference between 
staminate and pistillate as to average height of the stalk, total green 
weight of tops or average green weight of tops, A large percentage 
of the weight of the pistillate plants is comprised in the berries ; the 
weight of these was not determined ^parately. If the weight of ber- 
ries is subtracted from the green weight of tops it appears that the 
food-manufacturing surface of staminate plants exceeds that of the 
pistillate. It is to be expected therefore that a greater quantity of 
r^rved food would be stored in crowns of staminate than in those of 
pistillate plants, and that the yield of shoot^ the following season 



TABLE 4 

STAiimATE AN3> PISTILLATE PLANTS — COilPARATIVE TOP GkOWTH THE 
Second Year (1925)* 

Staminate Plants 


Row 

No. 

(1) 

Number 
of crowns 
(2) 

Average num- 
ber of stalks 
per plant 
(Oct. 10, 1925) 
(3) 

Total weight of green tops 
(lbs) 

(4) 

Average weight of green tops 
per crown (lbs ) 

(5) 

1 

116 

10 5 

294 

2 5 

3 

118 

9 1 

298 

2 5 

5 

117 

10.8 

309 

2 6 

7 

118 

6 9 

360 

3 1 

15 

i 233 

4 8 

410 

1 8 

17 

153 

7 6 

394 

2 6 

19 

93 

11.6 

375 

4.0 

21 

81 

, 14 2 

312 

3 9 

31 

118 

12.0 

403 

3 4 

33 

118 

8 7 

1 340 

2 9 

35 

118 

9 7 

370 

3 1 

37 

116 

7 8 

339 

2 9 

45 

236 

5.3 

350 

1.5 

47 

155 1 

7 7 

404 1 

2 6 

49 

93 

9.2 

294 

3 1 

51 

79 

10.6 

235 

3 0 

61 

119 

9 1 

318 

2.7 

63 

116 

6 9 

325 

2 8 

65 

119 

8 3 

312 

2 6 

67 

116 

7 4 

285 

2 5 

Average . 

8 9 

336 4 

2 8 



±1 57 

±28 2 

±0 36 


Pistillate Plants 





With 

Without 

With 

Without 




berries 

1 berries 

bernes 

bemes 




(a) 

' (b) 

(a) 

(b) 

2 

117 

6.2 

311 

193 

2 7 

1.7 

4 

115 

6 0 

235 

146 

2 0 

1.3 

6 

116 

6 0 

250 

155 

2 2 

1 3 

8 1 

117 

• 4.7 

321 

198 

2 7 

1 7 

16 1 

235 

3 8 

439 

272 

1.9 

1 2 

18 1 

154 

5 7 

382 

237 

2 5 

1 5 

20 

94 

6 1 

1 270 

167 

2 9 

1.8 

22 

76 

1 7 7 

245 

152 

3 2 

2.0 

32 

117 

1 5.9 

249 1 

154 

2 1 

1.3 

34 

119 

5 7 

300 1 

186 

2.5 

1.6 

36 

119 

5 3 

255 i 

158 

2 1 

1 3 

38 

116 

5 4 

282 

175 

2 4 

1 5 

46 

234 

3 1 

389 

241 

1 7 

1.0 

48 

151 

4.4 

425 

264 

2.8 

1.7 

50 

92 

5 5 

248 

154 

2 7 

1 7 

52 

78 

7.1 

160 

99 

2 1 

1 3 

62 

116 

4.9 

295 

183 

2 5 

1.6 

64 

115 i 

4 8 : 

266 

165 

2 3 ' 

1.4 

66 

113 i 

4 9 

222 

138 

2.0 

1.2 

68 

107 

4.8 

229 

142 

2.1 

1 3 

Average 

5.4 

±0.68 

288.7 

±47.8 

178.9 
±29 6 

2.4 

±0.28 

1.5 

±0 18 


* Anal^is of these data shows that the differences shown in oolumns 4a and 5a are not significant, 
but that aU othesr differences are significant. 
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would be greater. Table 6 shows that staminate plants do out-yield 
the pistillate at least the first season. 

Top Growth of Staminate and Pistillate Plants the Second Year 
After Crowns Are Set (1925), — In early October, 1925, the top growth 
from the same rows considered in 1924 was harvested. At this time, 
the leaves were beginning to show a slight tinge of yellow. The plants 
were cut about two or three inches above the ground line and weighed 
within a few minutes afterwards, so that the amount of water lost was 
negligible. As in 1924, the number of stalks produced by staminate 
plants exceeds that from pistillate plants (table 4). When the weight 
of berries is added to that of the green tissue, there is no significant 
difference between staminate and pistillate plants as to the green weight 
of the top growth. But, if the weight of berries is deducted from the 
total weight of the plants, and a comparison made of green tissue, it is 
seen that the amount of this tissue produced by staminate plants greatly 
exceeds that produced by pistillate. The figures given in column Ab 
of table 4, are based upon the weight of mature berries harvested from 
row 8, in which it was found that the berries constituted 32 per cent 
of the total weight of the plants. Approximately 50 per cent of the 
weight of berries was seed. The berries were picked off by hand, care 
being taken to avoid stripping the ‘^needles” from the plant. 

Yield of Spears from Stammate and Pistillate Plants. — Experi- 
ments by Green, 2 performed on a small scale, seem to show that the 
staminate asparagus plants out-yield the pistillate under conditions 
as they exist in Ohio. Eesults obtained by Green are given in the 
following table : 

TABLE 5 


Product from Fifty Plants Each, Staminate and Pistillate 



Fifty staminate 
plants, ounoee 

Fifty pistillate 
plants, ounoes 

First period, ten days 

37 

21 

Second period, ten days 

104 

68 

Third period, ten days 

266 

164 

Fourth period, ten days 

1 203 

154 

Totsi for the season.... 

610 

407 


The staminate plants yielded 50 per cent more than the pistillate 
plants during the seasom The superiority of the staminate plants 
is greater during the early part of the cutting sea^n than during 
the late. Green concluded that fruit production makes a greater 
demand for food than does the formation of stamens, and that it is 
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for this reason that staminate plants are able to produce a greater 
growth of spears than pistillate. 

Tompson^ reports experiments with the Washington strain of 
asparagus at the Market Garden Field Station, Lexington, Mass., 
which show that the staminate plants produce more spears, but 

TABLE 6 


COMPAEISON OF YiELD OF STAMINATE AND PISTILLATE PLANTS (1925) 



Sex 

Average 

weight 

Number 

of 

crowns 

Harvested Feb. 

26 to Mar. 9 

Harvested Feb. 25 to April 1 

Row 

No. 

per 

crown 

when 

planted 

(gms.) 

Total 

number 

of 

spears 

Total 

weight 

of 

spears 

(gms.) 

Total 

weight 

of 

spears 

Average 
number 
of spears 
per 
crown 

Total 
weight 
of spears 
per row 
(gms.) 

Average 
weight of 
spears 
per crown 
(gms ) 

Average 
weight of 
a single 
spear 
(gms.) 

1 

s 

231 

116 

9 

154 

335 

2.88 

5543 

47.8 

16.66 

2 

p 

206 

118 

5 

94 

196 

1.66 

3510 

29 7 

18.61 

5 

s 

229 

121 

23 

356 

311 

2 56 

5185 

42 8 

16.27 

6 

p 

232 

119 

11 

157 

206 

1.73 

3631 

30 5 

18.04 

7 

s 


118 

23 

607 

336 

3 02 

8229 

74 0 

25 72 

8 

p 


118 

1 

55 

199 

1.61 

5863 

49 7 

29 43 

15 

s 

231 

233 

57 

1145 

570 

2.44 

10447 

44.7 

18 32 

16 

p 

242 

235 

20 

412 

340 

1 49 

7606 

33.4 

22.35 

17 

s 

164 

154 

45 

942 

445 

2.89 

8540 

55,2 

19.14 

18 

p 

222 

154 

11 

277 

323 

2 10 

6273 

40 7 

19.43 

19 

s 

189 

93 

40 

865 

362 

3.89 

7591 

81.5 

20.98 

20 

p 

194 

95 

7 

180 

187 

1.97 

4638 

48 8 

24.78 

21 

s 

161 

81 

22 

440 

276 

3.41 

5440 

67.1 

19 67 

22 

p 

230 

76 

14 

397 

196 

2.58 

4568 

60,0 

23.23 

3L 

s 

205 

120 

43 

394 

423 

3.53 

8281 

68.8 

19,56 

32 1 

p 

185 

117 

32 

653 

279 

2.38 

5598 

47.8 

20.13 

35 

s 

165 

118 

32 

565 

332 

2.81 

5928 

50.3 

17.85 

36 

p 

188 

119 

14 

255 

214 

1.80 

4055 

34.0 

19.25 

37 

s 

150 

116 

54 

1255 

399 ' 

3.44 

7865 

67.9 

19 72 

38 

p 

115 

116 1 

26 

647 

234 

2.02 

5205 

44.9 

22.22 

47 

s 

191 

156 

44 

880 

464 

2.97 

9143 

58.5 

19.68 

48 

p 

159 

153 

33 * 

752 

346 

2.26 

8358 

64.7 

24.12 

49 

s 

134 

93 

32 ! 

690 1 

366 

3 93 

7007 

75,4 

19.65 

50 

p 

129 

92 

11 ’ 

310 

167 

1 82 

4206 

45.7 ! 

25. IS 

51 

S ' 

59 

79 

19 

422 

202 

2.56 

4152 

62.5 

20.53 

52 

p 

155 

78 

25 

507 

216 

2.77 

4942 

63.4 

22.87 

61 

s 

153 

120 

43 

775 

320 

2.66 

5815 

48.4 

18,15 

62 

p 

186 

117 

12 

229 

244 

2.08 

5129 

43 8 

^.99 

65 

s 

177 

120 

43 

800 

305 

.2.54 

5751 

47.9 

18.^ 

66 

p 

172 

114 

7 

100 

197 

1.73 

ms 

34.0 

19.75 

67 

s 

185 

118 

52 

962 

386 

3.27 

7367 

62.5 

19.07 

68 

p 

187 


22 

605 

, .204 

L$9 

4838 

44.8 



anftfoTsis<rf' ifesae TietesSlwIeEita sliowB ifeafc the jpeeulta hece f ,! 



198 


Eilgardia 


[Vol. 1, No. 9 


Summary op Table 6 



Staminate 

Pistillate 

Total number of crowns 

1949.00 

1922 00 

Total number of spears harvested from Feb. 25 to Mar. 

9 

581 00 

251 00 

Average number of spears harvested per crown from 
Feb. 25 to Mar. 9 .... 

0.29 

0.13 

Ratio of number of spears harvested from Feb. 25 to 
Mar. 9 

2.32 

1 00 

Total number of spears harvested for season Feb. 25 to 
Apr. 1 . . 

5832 00 

3748 00 

Average number of spears harvested per crown for 
season Feb 25 to Apr. 1 

3 00 

1 1.95 

Ratio of number of spears harvested for season Feb. 25 
to Apr. 1 . . . 

1 55 

1 00 

Total weight of spears harvested from Feb. 25 to Mar. 9 
(gms.) . ... 

11752 00 

5720.00 

Average weight of spears harvested per crown from 
Feb. 25 to Mar. 9 (gms.) ... 

6 02 

2 98 

Ratio of weight of spears harvested from Feb. 25 to 
Mar. 9 (gms.) 

2 05 

1 00 

Total weight of spears harvested for season Feb. 25 to 
Apr. 1 (gms.) 

112292 80 

82297. 60 

Average weight of spears harvested per crown for season 
Feb. 25 to Apr 1 (gms,).,.. 

58 00 

43.00 

Ratio of weight of spears harvested for season Feb. 25 
to Apr. 1 (gms ) 

1.34 

1.00 

Average weight of single spear 

19.25 

21.90 


that the proportion of giant asparagus is much greater from the pis- 
tillate plants. This held consistently true throughout their whole 
population, which was something over 1000 plants. 

In a later report on the same project, Tiedjens® states that 
^'Staminate plants are higher producing by 25 per cent, and hold 
up better from year to year. — Pistillate plants produce a greater 
percentage of ^ A’ (large) spears.” 

The data shown in table 6, and derived from experimental plots at 
the University Farm, Davis, California, bear out the conclusions of 
previous investigators that there are important ^feerenees in earliness 
of production, total yield, and size of spears between staminate and 
pistillate plants. 
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^Production of Spears the First Cutting Season , — In 1923 a large 
number of pistillate and staminate plants v^ere labeled in the nursery. 
The following winter the crowns were dug and the different sexes 
planted in separate rows in the permanent bed. The rows w^ere 240 
feet long and the distance between rows seven and one-half feet. The 
crowns were set from one to three feet apart in the different rows. 
Corresponding staminate. and pistillate rows were placed side by side. 
The harvesting of spears began on February 25, 1925, and continued 
until April 1. The spears were not cut until they were seven inches 
or more above the ground. They were cut to a length of nine inches 
or more in the field. When a row was harvested the spears were 
trimmed to a uniform length of eight and one-half inches, then counted 
and weighed. Table 6 gives the number of plants per row, the aver- 
age weight per crown at time of planting, and the yield of the stamin- 
ate and pistillate rows for the early part of the harvesting period and 
also for the entire cutting season. Eows 7 and 8 are Mary Washing- 
ton, 37, 38, 67 and 68 AVashington, and the remainder Palmetto. 

The data in table 6 shows that the staminate plants produced 
more spears and a greater weight of spears during the first cutting 

TABLE 7 


Total Number and Weight of Spears Haevesteb Each Cutting Eat from all 
Staminate and Pistillate Plants 



Staminate plants (1949) j 

Pistillate plants (1922) 

Total number 
of spears 

Total weight 
of spears 
gms. 

Total number 
of spears 

Total weight 
of spears 
gms. 

Mar. 2 .. ... 

109 

2096 

40 

970 

Mar. 4 

171 

3416 

77 

1704 

Mar. 6 ... 

129 

2738 

51 

1165 

Mar. 9 .... 

156 

3495 

77 

1802 

Mar. 14 ... ... 

239 

4985 

135 

3090 

Mar. 16 

276 

5465 

148 

3205 

Mar. IS 

324 

6576 

223 

5390 

Mar, 19 

480 

9915 

304 

6800 

Mar. 21 

622 

12100 

444 

9295 

Mar. 22 

317 

6035 

183 

3960 

Mar. 23 . . 

511 

9716 

336 

7299 

Mar, 24 

329 

6490 

203 

4175 

Mar. 25 

359 

6750 

279 

5920 

Mar. 28 

328 

5595 

244 

5115 

Mar. 27 

399 

7870 

283 

6310 

Mar. 28 

309 

5390 

195 

4140 

Mar., 29 

371 

6765 

251 

5325 

Apr. 1 

344 

6$30 

261 

6545 
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season than did the pistillate and that this difference was proportion- 
ally greater during the fore part of the cutting season than during 
the latter part. All stain in ate rows except No. 51 produced a greater 
weight of spears than their corresponding pistillate rows. This 
exception can be easily explained, however, from the small average 
size of the crowns used in planting row 51, as compared with 52. The 
spears of the staminate plants were smaller on the average than those 
from the pistillate plants, but out-yielded the latter by 35 per cent. 

The total number and weight of spears cut from all staminate and 
pistillate plants each harvest day in 1925 are given in table 7. 



Hg. 6.~-Oomparisoii of the total yield of spears from 1949 staminate plants, 
and 1922 pistillate plants, on different days during first cutting season. 


It is seen from the accompanying table and graph (fig. 6). that on 
no day during the first season of cutting did the number and weight 
of harvested from pistillate plants equal %e number and 

of spes^ £rom staminate plants^ 'Whilec tl^re are tweaily* 
pisfctll^e plants, this 'i^gsp^ce fe, n«rt. 
a '■ 'r’;‘ ■ - ' 
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SUMMARY 

Asparagus officinalis is normally dioecious. All asparagus flowers 
are apparently potentially liermaplirodite. During floral develop- 
ment there is, except in rare cases, an abortion of one set of sex organs. 
The f ollowing flower forms occur : Strongly pistillate, weakly pistillate, 
hermaphrodite, weaJkly staminate, and strongly staminate. 

In a large population there are approximately equal numbers of 
staminate and pistillate plants. 

Asparagus has certain secondary sex characters : 

{a) Staminate plants have a tendency to express their sex earlier 
in the life of the individual than do pistillate plants. 

(&) The average height of the first flower-bearing shoot of stami- 
nate plants is exceeded by that of the first flower-bearing shoot of pis- 
tillate plants. 

(c) During both the first and second seasons of growth from 
the transplanting of the crown, staminate plants produce a greater 
number of stalks on each crown than do pistillate. The difference 
between staminate and pistillate plants in the green 'weight of tops is 
not significant when the berries are included, but if the weight of 
the green tissue alone is considered, the total weight of the tops of 
staminate plants is considerably greater than that of pistillate. It 
appears that the food manufacturing surface of staminate plants 
exceeds that of the pistillate. 

{d) During the first harvest season, the staminate plants out 
yield the pistillate throughout the entire cutting period, but the 
difference is greatest during the early part of the season. 

{&) During the first harvest season, the average number and 
weight of spears from a crown are greater from staminate than from 
pistillate plants, but the average weight of the individual spears from 
pistillate plants exceeds that from staminate. 
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INTRODUCTION AND REVIEW OP THE LITERATURE 

The discovery of the eliminatioB of Baetermm dbortum in the milk 
of a considerable percentage of cows infected with this organism was 
made by Schroeder and Cotton^® in 1911. They found the infection 
to persist in this location in some cows for a period of years, and this 
has been confirmed by investigators in various parts of the world. 
Its presence in the mammary secretion affords an ideal opportunity for 
abundant ingestion of the organism by the offspring during the first 
months of its life. 

In abortion-infected herds, it is very common to see the disease 
manifest itself in heifers with 'their first pregnancy even after pre- 
mature expulsion of the fetus has practically ceased in the multiparous 
females owing to the establishment of herd immunity. This naturally 
suggested that, if the organism could remain viable in the udder of 
infected cows for a period of five to seven years, or longer, it might 
remain viable in the bodies of calves during the one or two years from 
the milk-drinking period until puberty and breeding took place, and 
be responsible for the abortions in these animals with their first preg- 
nancies. While this hypothesis was reasonable, it was advanced in 
such a way as to lead many to believe it to be an established fact. 
Moreover to it was added a second hypothesis, viz,, that the only way 

* C, M. Carpenter took an active part in this work during the first six months, 
from December, 1022, to June, 1928, and published a report of this early part 
of it in The Cornell Veterinarian, 10: 10-31. 
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to prevent infection and subsequent abortion in primiparoiis ani- 
mals raised in infected herds was to feed them with pasteurized milk 
throughout the milk-drinking period of their lives. Were this the true 
state of affairs regarding the disease, great practical difficulties would 
stand in the way of controlling this method of infection. A consid- 
erable amount of investigational work has been carried out during the 
last few years to establish the true status of tliis phase of Bactermm 
dbortum infection. 

Williams has been the most persistent advocate of this theory, 
although during recent years he has modified his views. In 1924, 
in discussing the transmission of permanent genital infection from 
parent to offspring, he and his co-workers^® are quoted as follows : 

is stated^ that the bacillus abortus infection acquired by the fetus iu 
utero or by the newborn, does not persist until breeding age and cause injury. 
This chiim has led some to believe that no genital infection may be so trans^ 
mitted. We make no claim that the B. abortus infection is thus transmitted — 
that is not our theme. 


Before the full significance of this question became apparent, 
Mohler and Traum,® in 1911, obtained positive complement fixation 
and agglutination reactions from a prematurely-born calf which died 
of scours when ten days old in an infected herd. Experimentally, how- 
ever, they were unable to produce any noticeable ill effects on two 
three-day-old calves that were each fed with 90 mils of a Bactermm 
aiortwm bouillon culture in milk for a period of three days. 

McPadyean, Sheather and Minett,® in 1913 reported an experi- 
ment in which a cow was given Bmterium abortmi intravenously to 
see whether the calf would become infected by means of the milk or 
from contact. The blood of the cow became positive, but the calf 
remained uniformly negative up to the time of separation from the 
cow and as long thereafter as it was tested. No attempt was made to 
demonstrate Bax^terimm abmium in the milk. 

In 1916, Schroeder and Cotton^^ demonstrated the high aggluti- 
power of colostrum from cows with infected udders, followed by 
a rapid decline in titre as milk took the place of colostrum. Blood 
of new-born calves suckling dams whose udders were known to be 
M with Bmtmum c^ortum, although having about the 
titre as that of the dams, still showed a rapidly 


afgldtination reaction. They found that Baeterimn abortum 
with milk does not seem to penetrate deeply or abundantly 


into a cilf^s body. They were able to engender i^^utinating proper- 


6- lavestigatioas cm Bovine Abortion, Eep. S. 

Live Stock Samtary Asso., 1921, p. 65.) ^ 
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tiCvS in the blood of calves by injecting them with abortion organisms, 
bnt such injections had to be repeated from time to time, otherwise the 
agglutinating properties of their blood serum disappeared. 

In the same year, Eichhorn and Potter, in field observations on a 
large dairy herd, noted the history of forty-one animals born in 1911 
but kept separate from adult cattle after they could sustain them- 
selves, although having had ample opportunity to acquire the infec- 
tion by association with infected mothers and the ingestion of infected 
milk. Nine aborted in 1915 after producing two normal calves each 
and one, three calves. One aborted twice, having produced one calf, 
one aborted three times, and one, once, without living offspring. Three 
aborted in 1914 after having calved normally. They state that if it is 
a fact that calves acquire the infection shortly after birth and the 
organism remains latent in the animaPs body awaiting pregnancy, 
it is strange that abortion should not have occurred before the second, 
third or even the fourth pregnancy. 

In 1917, Huddleson^ reported the feeding of new-born calves with 
milk that reacted positively to the agglutination test, and the presence 
of Bactermm aborhim was further confirmed by guinea pig inocula- 
tion. The calves were separated from their dams shortly after birth 
and fed the infected milk, from a pail, twice daily. The effect of the 
feeding was studied by means of the agglutination and complement 
fixation tests upon the blood sera. Eleven calves were fed naturally- 
infected milk and six were fed non-infected milk, the latter being 
allowed to suckle their dams for three days before being separated. 
Non-infected milk consisted of milk that did not show the presence 
of Bactemm aborttm agglutinins. One control animal was fed pas- 
teurized, naturally-infected milk and a second was given non-infected 
milk plus 5 mils of a 48-hour bouillon culture of Bacterium dbortum 
with each feeding. 

The effect of the feeding was studied by recording the presence 
of agglutinating or complement fixing substances in the blood of the 
animals, and the author concludes that such bodies are very rarely 
demonstrated in the blood of calves as a result of ingesting naturally- 
infected milk. The data does not exclude the probability that even in 
the rare cases in which agglutinins did appear, they were the result 
of ingesting colostrum or milk containing agglutinins. He stated that 
it would not be logical to assume that his experimental ealyes ^ 

the positive reactions as a result of ingesting infected milk , 

blood sera of the qalves were not tested until after they had ^ 
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In a later report, however, published in 1924, covering the sig^ni- 
heance of Bactermm aborium antibodies in the blood of ten heifer 
calves and one bull, Huddleson and Plasley® quite clearly brought out 
that the ingestion of colostrum is responsible for the positive comple- 
ment fixation and agglutination tests obtained in most cases. How- 
ever, in case 1000 A. 3, the development of a positive complement fixa- 
tion test after nursing is unexplained. 

In one other case, the authors state -."‘The blood serium of N.6A was 
positive to both tests before nursing thus presenting a clear-cut case 
of what might be termed prenatal infection,'' The following data 
are given on this case: 

'‘N.6 A. Born May 14, 1920, one month premature. A^ery weak. 
Fetal membranes retained. Dam previously infected by feeding 
cultures of Bact, abortus. Bact. abortus isolated from fetal mem- 
branes and uterine exudate at parturition. Milk not examined. Blood 
of dam positive 1 :500 to agglutination test, 0.005 to complement fixa- 
tion test. Blood of calf positive to both tests before nursing. Nursed 
dam for three days, then placed on negatively reacting cow for six 
weeks. Blood remained positive until July 8, 1920." 

The positive reaction before nursing was in the first tube only 
(0.04 mil) and in 0.1 and 0.04 mil to the complement fixation test. 
When six days old, after nursing the dam three days and then being 
changed to a negatively reacting cow, its blood was positive with 
0.005 mil to both tests. 

Prenatal infection of fetuses is well known, but that this infection 
causes antibodies to appear in their blood has not been established. 
Reactions in the titre shown by calf N.6 A before nursing are not con- 
sidered positive in adult animals, and they may have been non- 
specific. 

Marked discrepancies appeared between the results of the agglu- 
tination and complement fixation tests. The reason for this was ascer- 
tained during the course of the work and is explained by the use of 
antigen of too dense a turbidity in the agglutination test. With this 
we agree, as we have found that the increased turbidity of agglutina- 
tion antigen above the ideal standard rapidly decreases the effi- 
ciency of the test. The establishment of an ideal standard for the 
antigen in this test is one of the most important steps to be taken in 
avoiding discrepancies in its application under various conditions and 
in different laboratories. We never use an antigen more turbid than 
that represented by a 3.5 cm. Gates opacimeter reading and one of 
5 or 6 centimeters may ultimately prow to be the most acceptable 
standard. ^ 
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In 1918, Robinson^" carried out an experiment with sixteen cows 
and their calves or fetuses to see whether or not offspring” of infected 
cows showed any production of agglutinins in their blood sera. No 
positively reacting fetal serum was obtained. One calf, born too 
weak to stand and suck, showed an agglutination in a dilution of 
1 to 25, while its dam was positive in 1 to 500. In two cases the titre 
of the calf and of the cow serum was the same. In discussing the 
result of his Experiment No. 3, he states: ^'In the case of calves born 
alive and healthy, one may or may not get a weak agglutination, 
though in a few cases a high one is obtained, but there seems to be no 
definite ratio between the agglutination of the cow^s serum and the 
calf^s.^^ 

In the same yealr, Rettger and White, in a study of infectious 
abortion in a mixed dairy herd, found that calves became negative 
to the agglutination and complement fixation tests after the age of two 
to six months, although shortly after birth they invariably reacted in 
the same way as the mother. They remained negative until nine to 
ten months old or the period of sexual development and maturity. 
After this time whether they were from infected mothers or not, little 
difference was observed in the development of positive reactions. 

Thirty-five daughters of twenty-nine positive cows were listed by 
the side of forty calves from thirty non-reacting dams over a period of 
four years (1914 to 1917). Fourteen, or 40 per cent, of the former 
gave a positive reaction, and seventeen, or 42.5 per cent of the latter, 
were positive to at least one test. Ten daughters from positive dams 
aborted, two or them twice, and eleven daughters of negative dams 
aborted, two of them twice. That the reactions of the dams have no 
influence on the later history of the calves is clearly brought out in 
these data. 

Seddon^® reported, in 1919, three cases in calves in which the ani- 
mals were infected with Bacterium dbortwm without giving any evi- 
dence of agglutination reaction. One was a case of a full-term calf 
born dead from which Bmt&rimri aibortum was isolated from the stom- 
ach contents. A second was a calf expelled alive, at 262 days gesta- 
tion, from an artificially-infected dam with infected uterus. The 
third was a calf which, at eighteen days of age, was injected intrar 
venously with 2 mils of living culture emulsioiu Thirteen blood tests 
with blood taken from the third to the seventieth day after the , 

tion failed to give a positive reaction. It was then given a secbhd 
tion at eighty-eight days of age, after which ten blood teste, 
three to fifty4h3ree days after the second injection, all faih^d 
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positive reaction. Three other calves inocluated in the same manner, 
when the second injection was given, developed a positive reaction in 
eighteen days. 

In the same year, Dick® reported field observations (begun in 1916) 
on three herds, in all of which the calves received raw milk from the 
respective herds until weaned. 

In herd A, heifers of breeding age were kept with the main herd, 
and, in 1918, twenty-two, or 44 per cent, aborted. 

In herd B, the young stock, instead of having a community pas- 
ture, were kept in a separate lot on the same farm, but the segrega- 
tion was not absolute. In 1918, two of the twelve head, or 16.6 per 
cent, aborted. 

In herd C, the calves were kept on a separate farm until within 
two weeks of calving time. Three-year records are given for this 
farm, as follows : 


Year 


Abortions 


Parturitions 


1916 1 18 

1917 none 23 

1918 none 23 


Previous to 1916, a large percentage of the heifers on this farm 
had aborted each year. 

In 1920, Simms and MiUer^® reported experiments in which they 
had fed forty-six heifer calves milk from infected cows known to 
contain Bmtermm aiortwm. All of these calves were negative to the 
agglutination test before they reached six months of age. After being 
bred they were handled in such a manner that they were not exposed to 
infected cows or premises. At the time of the report, twenty-three 
had terminated their first pregnancies at full term in a normal manner. 
Agglutination tests of their blood remained negative throughout the 
respective gestation periods. The writers su^sted that there was a 
possibility of a quiescent, localized infection in such cases, but believed 
that were this true, the negative heifers might change to positive after 
pregnancy had taken place. No evidence of such an occurrence was 
obtained. 

Until this time a thorough understanding of the relationship 
of colostrum to the presence of antibodies in the blood of new- 
born calves was lacking. This was clearly brought to the attention of 
investigators by the work of Little and OrcutU in 1921. For several 
years previously, these workers had tested the blood sera and transu- 
dates of fetuses from time to time to determine the relation between 
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concentration of abortion agglutinins in the blood sera of mother and 
fetus. The results showed that even when the serum of the mother 
had a high agglutination content, little or none was found in the 
fetal blood. 

In experiments covering twenty cows and nineteen calves, the fact 
was established that even when the blood and colostrum of the dam 
had a relatively high agglutination content, the blood of the calf, with 
a single exception, was free. When colostrum was withheld and milk 
of a lower or negative agglutination titre substituted, agglutinins failed 
to appear in the calves’ blood after several days. 

The antibodies in a calf’s blood are absorbed from the digestive 
tract, the rate of absorption being fairly rapid. In slightly over an 
hour after the feeding of colostrum, they began to appear and had 
nearly reached their maximum concentration five hours after feeding. 

These experiments made it evident that agglutinins for Bactermm 
abortim found in the blood serum of new-born calves are obtained 
from the mother through the colostrum. Calves at birth, unfed, are 
without agglutinins. 

In 1922, Duebler^ reported on a group of twenty heifers raised 
several years previously under identical conditions until two months 
before breeding. Ten were then placed in barns with the cow herd and 
the other ten in a barn for young stock only, having no connection with 
the breeding herd. All were bred. Seventy per cent of the heifers in the 
cow barn aborted, and 100 per cent of the other group calved normally. 
From then on to the time of reporting, all heifers on the farm were 
bred and kept in the heifer barn, and, with an average of fifteen to 
twenty heifers calving yearly, none had aborted. 

Quinlan^^ reported, in 1922, a series of experiments in South Africa 
in which he used five gi'oups of calves, totalling forty-one head, with 
one control animal. The infected milk given the calves was from cows 
whose blood and milk samples gave positive agglutination tests. In 
some cases, the presence of the organism was actually demonstrated 
by guinea pig inoculations. 

In these experiments the author attempted to determine by the 
agglutination titre of the blood serum of the calves the effect of the 
feeding of infected milk. The titre was studied in some cases until 
the calves reached maturity. 

In Group A of eleven head separated from their infected dams 
and artificially fed infected milk and Group B of four head, bom to 
infected dams and allowed to suckle them, antibodies were found in 
the blood of five. 
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In Group C of eighteen head from non-infected dams fed infected 
milk and in Group D of six head from non-infected dams, but fostered 
by infected dams, specific antibodies were found in the blood in only 
three cases. 

The author makes the statement that ‘'apparently the infection 
which results before birth throug-h the infected mother is to be consid- 
ered in far greater measure the cause of the appearance of the anti- 
bodies in the calf 's blood than the ingestion of infected milk. ' ’ 

The author cites an interesting case, Friesland Bull 89, one of the 
two head of Group E. This calf was born from an infected cow and 
was fed its mother’s milk for three days. The milk of this cow had 
never given a positive reaction to the agglutination test. The calf, 
when born and when removed from his mother, showed a slight agglu- 
tination with .025 mil of serum, but after having been fed non-infected 
milk for one month and eighteen days, showed an agglutination titre 
of .001 mil. This, the author states, “appears to be a case of temporary 
active infection and moreover the infection seems to have been of 
intrauterine origin.” 

Despite the finding of agglutination reactions in the early days of 
the lives of the experimental calves, the author found that the agglu- 
tination titre tended to fall and disappear altogether after twelve to 
fifteen weeks even though infected milk was still being fed regularly. 

When antibodies were present at the time feeding infected milk 
was stopped, they disappeared shortly afterwards. In some cases, 
calves were fed exclusively with infected milk up to the ninth month, 
without provoking the appearance of antibodies in their blood. It 
was observed that the calves remained in excellent condition despite 
the ingestion of the abortion organisms. The results also prove that 
calves fed infected milk do not become chronic carriers of the disease. 
The author was able to follow up the history of nearly all the female 
calves used in the experiment and in no case found any evidence that 
an animal become a carrier. 

The value of a proper understanding of the agglutination reactions 
in calves is great, and, we cannot but feel after considering his work 
,tha% at the time of preparing his report, the autho-r was not familiar 
‘the very important role played by positive colostrum in this 
a$ disclosed by the work of Little and Orcutt.^ 

. ' Barger and Hayes^ reported experiments in which Bac- 

terimm was given in the milk to three groups of two calves 

each to ascertain whether it could be recovered from the feces. Both 
naturally and artificially infected milk were used. The organism 
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was successfully recovered from the feces of the calves and it was also 
found in the lymph glands of the head for seventeen and nineteen 
days respectively in Groups B and C after the discontinuance of the 
infected milk. Agglutinins did not appear in the blood sera of the 
calves fed with infected milk for periods ranging from fifteen to 
twenty-one days. 

PLANT OP THE EXPEELMENTS 

In our study of this problem, thirty-nine calves, including both 
sexes, were used. They were all born to our experiment cows and 
v/eve kept under our direct supervision and control from birth until 
they died, were killed, or terminated their first gestation period. 
Some of them received colostrum and from others it was withheld. 

The infected milk with which these calves were fed contained 
Bacterium ahar'tum, in some instances, when drawn from the udder, 
but, in all cases, a definite quantity of a known pathogenic strain of 
the organism was added to the milk before each feeding. 

There were some deaths in the calves a few days after they were 
started on the infected milk. The remainder were slaughtered from 
seven days to twenty-four months afterwards, the period between^ 
the time infected milk was withdrawn and the date of death varying 
from seven days to eighteen months, 

When the calves were slaughtered, cultures were made and guinea 
pigs inoculated from various body tissues to test for the presence 
of Bacterium aiortum. 

All calves living longer than six months were weaned at that 
age. Eleven head were allowed to reach sexual maturity, breed and 
complete one gestation period, when their colostrum and placentae 
were examined for the presence of the organism. These animals 
were bred at about fifteen months of age. A shorter period of time 
than ordinarily obtains in practice, therefore, elapsed between the 
last exposure to Ba>oteriwm ahortum infection and the establishment 
of pregnancy. 

Blood samples were collected and agglutination tests made at fre- 
quent intervals during the lives of the calves. 


:eB|3PABATIOK OF THE SUSPEHSIOH OP BACTMBWM ABOBWM 
AJ>J>m TO THE MILK 


Throughput the work, the strsdn of Benciermm aboriwm used 
our Eabor^tory No, 80, origin^y obtained from K. P. 
wa& m vimlpnt strain of the organism. . , v 4 : 4^^ 
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From December 5, 1922, to January 25, 1923, each calf that was 
being fed received daily the growth on one glycerin glucose agar 
slant culture washed oft* with about 20 mils of physiological saline 
solution. One-half of this was added to the morning and the re- 
mainder to the evening feed of milk. After January 25, on account 
of the increased number of calves, the organism was grown on the 
same medium in Blake bottles. The growth was washed off and the 
the suspension standardized to 1.5 cm. Gates opacimeter reading. 
A suspension of this density of the Baotermwi dborhim organism from 
a 48 to 72-hour culture will show an average of five to six billion 
organisms per mil by the plate culture method. A half -ounce vial 
of this suspension was added to the milk for each calf night and 
morning. 

From January 25, 1923, to January 23, 1924, when the last dose 
of the organism was given to calf 1780, sixty-one batches of the sus- 
pension were made up. One guinea pig was inoculated intraperi- 
toneally with 1 mil from each batch except the first, to test its viru- 
lency. Fifty-nine of the sixty guinea pigs developed abortion dis- 
ease. Twenty-six died from the infection and thirty-three were killed 
approximately six weeks after the date of inoculation. One guinea 
pig died from intercurrent disease a few days after inoculation. 

BESULT OP THE EXAMINATION FOB -THE PBESENCE OP BACTBBIUM 
ABOBTUM m THE TISSUES OP CALVES BECEIVING THE OBGAN- 
ISM IN MILK POB VAETING- PEBIOLS OF TIME 

When the calves were slaughtered, two cultures were made, on 
glycerin glucose agar and cooked blood agar, respectively, from the 
following tissues with the exceptions that appear in the table ; atlantal, 
submaxiilary, posterior pharyngeal, mediastinal, bronchial, gastric, 
hepatic, mesenteric, superficial inguinal or supramammary, pelvic, 
prescapular and precrural lymph glands, thymus gland, liver, spleen 
and stomach and intestinal contents. 

From ten to twelve guinea pigs were injected with the tissues 
of each calf, parts of several glands being inoculated into a single 
guinea pig in some cases. 

Table 1 gives the result of this examination. 

In table 1, calf 1732 did not receive infected milk until it was 
seventeen days old, D-IV calf until it was three days old and calf 
1763 until it was forty days old. The last did not receive infected 
milk during the first six weeks of its life when it was running in pas- 
ture with its non-inf ected dam. Calf 1745 did not receive the organ- 
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ism during the last three days of its life because it was given little 
milk on account of severe diarrhea. When cultures are marked 
negative, it signifies that Bmtermm a'bortum was not recovered. The 
cultures were not always sterile. In some cases, where the calves 
died of scours B. coU overgrew the tubes. 

In addition to the tissues listed in the table, cultures were also 
made in fifteen cases from the testicle, in nine from the uterus, in eight 
from the kidney, in eight from the epididymis, in six from the vagina, 
in four from the heart, in three from the gall bladder and in two from 
the lung. All resulted negatively, except one culture from the 
epididymis of calf 1753, which developed Bacterium abortum. 

Two of the animals were pregnant when killed. No, 1778 was 
about six weeks and No. 1775, five months along in gestation. The 
fetus and membranes from No. 1778 were triturated in a mortar with 
saline solution and injected into one guinea pig. From the much fur- 
ther developed fetus of No. 1775, three guinea pigs were injected 
from the maternal and fetal cotyledons; lung, liver and spleen extract, 
and stomach and intestinal contents, respectively. All resulted 
negatively. 

Two cultures were also made from the lung, liver, spleen, and 
stomach contents, respectively of the fetus from No. 1775 and re- 
mained sterile except for a mold on one tube and a few large cocci on 
another. 

Twenty eight calves died or were killed and their tissues examined 
in the above manner, the remaining eleven being allowed to complete 
one gestation period. 

The table shows that Bacternim abortum ingested in milk passes 
through the walls of the digestive tract and gains access to various 
lymph glands and other organs, particularly the spleen. In no case 
was the organism found in the thymus gland. 

The lymph glands about the head became infected with great 
regularity, showing that Bacterium abortum is taken up from the 
mouth and throat. It is also present, as would be expected, in the 
lymph glands along the digestive tract. However, its presence in the 
bronchial and mediastinal glands was quite commonly observed. In 
the more remote body glands, it can rarely be demonstrated. The 
findings show that the organism can undoubtedly pass through the 
intact mucous membrane of the digestive tract, be taken up by the 
lymphatic glands and, in some cases, must gain access to the blood 
stream from which it may occasionally be deposited in almost miy 
tissue of the body. 
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Whether the calf receives colostrum or not seems to have no bear- 
ing on the invasion of the organism. Despite its constant penetration 
and possibilities for quite general distribution, there does not seem 
to exist in either the male or female calf any location that furnishes 
a favorable place for more than temporary existence in the absence of 
a constant supply of fresh infection. 

A tew weeks after infected milk is withdrawn, the organism is 
rarely demonstrated and undoubtedly in the great majority of ca^es 
under natural conditions the bodies of calves are free from the organ- 
ism in from six to eight weeks after the cessation of infection. 

Among our experiment animals where very heavy dosing had 
occurred, No. 1758 was found to contain the organism in the atlantal 
gland at the time of slaughter, seven weeks after infection had 
ceased, and it was recovered culturally from the submaxillary lymph 
gland of calf 1772 when killed, eleven weeks after the last infection. 
Six of the animals, including the two mentioned above that became 
pregnant, were examined after living longer following the removal 
from sources of infection, and all were negative. 


AGGLUTINATION EEACTIONS OF THE BLOOD OF CALVES TO 
BACTEUWM ABOETVM ANTIGEN 

The effect of the ingestion of the milk or colostrum and milk 
containing Bacterium ahofium on the agglutination reactions of the 
calves has been carefully observed by taking blood samples at regular 
intervals throughout the two and one-half years covered by the 
experiment. This is given in table 2. 

It will be observed by reference to this table that, despite the 
excessive quantity of virulent Bac.termm abortum being ingested 
daily by the calves, their agglutination tests were generally negative. 

Colostrum was withheld from some of the calves with two separate 
objects in view. The first was to study any difference in the invasive 
ability of the organism and the agglutination titre, of the blood as 
compared with that of the dams. The second was to ascertain the 
effect of the presence or absence of colostrum ingestion on the devel- 
opment of gastro-intestinal disturbances. 

When colos'lrum was withheld from calves, an attendant was 
presmd; at time of birth. In case any doubt existed as to the calf 
feaving received colostrum, it was allowed to remain with 
tiie ^ain.^d was placed in the group that received colostrum. 

X>nrir^ the fir# ten days of their lives, cqlves in t^|tob*^olostwam 
grotip were fed milk from cows with negative aegiii€p#iOn titre and 
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that had been fresh for a period of at least seventeen days. Only 
No. 1736 received milk from cows this early in lactation. It was born 
on December 20, 1922, and received milk that nig-ht from cows 2312 
and 26 which had both freshened on December 3, 1922, and this was the 
only milk available. It was recognized that in ease gastro-intestinal 
disturbances were going to occur, they would develop in the great 
majority of cases during this period. After the ten days had elapsed, 
their feeding could not be watched so closely from this standpoint 
on account of the number of calves being handled and the availability 
of the desired kind of milk. Also, our chief concern at this time 
consisted in seeing that BmUrium ahoti^um was only ingested by 
the calves that we desired to have it and not by those that were 
being kept for periods of time after its withdrawal before slaughter 
and examination. 

Some of the calves received milk indefinitely from cows fresh 
thirty days or longer, but, in these cases, the possibility that they 
received milk from the same bucket that had previously contained 
positive colostrum or milk without rinsing was quite likely to have 
occurred. 

Sixteen calves received no colostrum. The first blood sample of 
all of these calves was negative, except that of No. 1751, which was 
positive in only the .02 mil tube and negative in .04 mil, .01 mil and 
.005 mil on the day after its birth. This reaction is paradoxical: 
the blood of the dam was negative — our laboratory records show it 
was not rechecked, and faulty technique may have been responsible. 
Of the sixteen dams of these calves, nine showed a positive agglutina- 
tion reaction in a titre of .04 mil to .01 mil, the remaining seven were 
negative. 

In the case of the twenty-three calves which received colostrum, 
nearly aU were from negative dams. Only Nos. 1759 and 1749 deserve 
mention. The blood of these calves showed absence of agglutinins 
when tested fiive and seven days respectively after birth from cows 
that show^ed a positive blood agglutination in a titre of .02 mil and 
.01 mil respectively. One of these, No. 1759, was dead of scours at 
the time the blood was taken. Unfortunately we did not test the 
agglutination titre of the colostrum of these cows and it may be that 
it was very low or negative in both cases. That ingestion of positive 
colostrum by calves will quickly result in agglutinins being present 
in their blood is very easily demonstrated. 

In studying table 2, it will be observed that in some eases the 
titre of the blood of the calves changed from negative at one test 
to positive with .005 mil of serum at the next. This may have been 
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due to tlie fact that colostrum or milk having a high agglutination titre 
was fed to these calves in the interim between the tests. However, the 
probability of an occasional temporary active production of agglu- 
tinins within the calf as a result of the ingestion of large quantities 
of Bacterium abortuni must he considered. 

In this connection we would mention particularly Calf 1736. This 
animal was bom December 20, 1922, to Dam 2404, showing a suspi- 
cious blood agglutination test but in which Bactey'iioni abortum could 
not be demonstrated at time of parturition. It was immediately 
removed from its dam without getting colostrum and fed with milk 
from two negative cows, plus the Bacteriaim aboHum suspension, 
until March 23, when it was given milk from a positive cow. On 
December 27, 1922, w^hen seven days old, its blood was entirely nega- 
tive. On January 8, 1923, when nineteen days old, its blood was 
very positive with .01 mil and partially so with .005 mil. On Jan- 
uary 17, 1923, when twenty-eight days old, it had again become 
entirely negative. This case may be taken as evidence that Bactermm 
abortum ingested with milk stimulated the very temporary produc- 
tion of antibodies in the blood. Even if it is the proper explanation 
of the rise in agglutination titre, of the other cases in table 2 it is of 
irregular occurrence and its duration covers a short period of time. 

The possibility of intra-uterine infection having a bearing on the 
presence of agglutinins in the early life of calves has attracted our 
attention principally as a result of the following statement by Little 
and Orcutt^ in their work in demonstrating positive colostrum to be 
the carrier of agglutinins to new-born calves: ‘‘The problem of the 
production of agglutinins by the fetus in whose tissues B. abortus 
has multiplied and which is subsequently expelled prematurely is not 
touched by these observations.’^ 

We have run agglutination tests on the blood of twenty-one fetuses 
in the bodies of which we have demonstrated Bacterium abortum by 
cultural methods and guinea pig inoculations. In every instance these 
tests were entirely negative in the four dilutions of .04 mil, .02 mil, 
.01 nui and .005 mil, respectively. The result of this work is tabu- 
lated in table 3. 

We are of the opinion that this series of tests corroborates the 
work of others and demonstrates that the pentration of the tissues 
of a fetus by Bacterium abortum does not result in the production 
of agglutinins by the fetus in utero. 
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TABLE 3.— SHOWING NEQATINE BLOOD EEACTIONS OE FETUSES 
INFECTED WITH BACTESIUM ABOETUM IN UTEEO 


Tissues from which Bacterium abortum was isolated 


No.^of 

fetus 

Penod of 
gestation 

Agglutina- 
tion test 
of blood 

Lung 

Liver 

Spleen 

Stomach and 
intestinal 
contents 

Culture 

G. P. 

Culture 

G P. 

Culture 

G. P. 

Culture 

G.P. 

7 

9 months 

— 

— 

4- 

_ 


_ 


_ 

4- 

10 

7 months . 

— 

+ 

4- 





- 

4- 

11 

7 months. . 

— 


4- 

— 




4- 

-h 

12 

7 months .... , 

— 


— 





4- 

4- 

13 

8 months .. 

— 


4- 





4- 

4" 

14 

7 months . 

— 

+ 

4- 





- 

4- 

15 

8 months . . . 

— 


4- 





4- 

4- 

18 

7 months .. 

— 

+ 

4- 





4- 

4- 

20 

7 months . . 

— 

+ 

4- 





+ 

t 4- 

26 

8 months „ 

— 

+ 

4- 





+ 

4- 

35 

8 months . 

— 

+ 

4- 





- 

— 

37 

9 months .. 

— 

+ 

4- 





4- 

4- 

41 

6 months . 

— 

— 

4- 

- 

4- 

4- 

4- 

4- 

4- 

46 

8 months- . 

— 

4- 

+ 1 

- 

4- i 

4- 

4- 

+ 

4- 

49 

8 months 

— 

+ 


— 


— 


4* 

4- 

50 

9 months 

— 

+' 

+ 


4- 

-- 

4- 

4- 

4- 

53 

8 months ... 

— 

— 

4- 

— 

4- 

— 

4- 


— 

57 

7 months ... 

— 


4* 


4- ’ 


4- 


4- 

AJB.IV 

6i months. . . 

— 

— 

4- 

+ 

4- 

4* 

4- 

+ 

+ 

AJE. V 

months .- 

— 

4- 

4- 

+ 

4- 


+ 

4- 

4- 

A.E.VI 

6 months . 

— 


4- 


4“ 

4- 

4- 

4- 

4* 


EFFECT OF THE SUBCUTANEOUS INJECTION OF LII^T: AND DEAD 

SUSPENSIONS OF BACTEBIVM ABOETUM ON THE AGGLUTIN- 
ATION TITEE OP THE BLOOD OF CALTBS 

On account of the failure of Bacfenum abortum infection of 
fetuses in utero and also the failure of the ingestion of excessive 
quantities of the organism in milk from birth to six months of age 
to produce agglutinins in the blood of calves, we carried on a few 
experiments to see with what regularity subcutaneous injection of 
live and dead organisms would cause the development of these bodies 
in the blood of the injected animal. 

The first test involved only one calf, born October 4, 1924, to a 
negative dam. This calf was injected subcutaneously on the side 
of the neck with 10 mils of a suspension of Bacterium abortum, 
having a .9 cm. Gates opaeimeter reading on October 30 and again 
on November 20, 1924. . Blood was drawn from the calf on OctoW 
29, November 5, 10, 17 and 25 and December 2, ia all of which it 
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completely negative. On November 25, a local swelling 4 inches in 
diameter was present where the injection of the organism had been 
made November 20, 1924. 

On December 22, 1924, blood was taken from the calf again and 
showed a positive reaction in the first tube titre .04 mil. In looking 
for an explanation of this reaction, it was found that the attendant 
had milked into his pail a positive co-vv, w^hieh calved December 1, 1922, 
had emptied the milk out and then, without rinsing the pail, had 
proceeded to milk the negative cow supplying the calf. The blood of 
the positive cow had a high agglutination reaction and her colostrum 
was positive at a titre of .0015 mil. This contaminated pail had 
been used several times between December 2, when the last negative 
blood sample was taken from the calf, and December 22, when the 
blood of the calf showed a positive reaction in the first tube. While 
the low titre agglutination might have been the beginning of a reac- 
tion from the injected organisms the experiment was terminated. 

This calf had received two injections of live organisms and a 
period of thirty-three days had elapsed from the first one without 
showing any reaction, although it is quite w’ell established in adult 
cows that, with subcutaneous injection, seven to ten days are sufficient 
to produce a well marked, positive reaction in a titre of .01 mil or 
higher. 

On March 30, 1924, four more negative calves were selected to 
receive a killed suspension of the Bacterium aborhim organism, of the 
same dose and density as that used with the first calf. These calves 
wea^ all injected March 30, April 14 and April 28, The following 
blood reactions were obtained : 



ntble of birtii 

Feb. 27, 1925 

Mar 30, 1926 

Apr, 15, 1925 

Apr 28, 192^ 

May 11. 1925 

im 

Jf«n. 12, im 



. . 

4=4:4:^ 

4: 4=4=4= 

=44=4=4= 

ISSS 


s, im 

— 

— 

4=4:±=F 

44=4=4= 

4=4==44= 


18, tm 







=44=4=4= 

=4=44=4= 


Feb, 

5, im 

i 



4:4=4=- 

=44=4=4= 



With the development of the very positive reaction in all four 
^ this experiment was terminated. 

11, ■■ 1S25, aaother seri«s of four ealve® "was selected to 
tibo sajsae do<« and density as used m*tjjjfe 
fiiaal' wnre. on.© was poi^4*iNs' 

kept in 
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purposely. Each of these calves was injected subcutaneously with the 
organisms on May 11, May 27 and June 14. The following blood 
reactions were obtained : 


No 

Date of birth 

Apr 27, 1925 

May 11, 1925 

May 27, 1925 

June 14, 1925 

June 30, 1925 

1842 

1843 

1844 

1845 

Apr. 21, 1925 
Apr 11, 1925 
Apr 9, 1925 
Feb. 27, 1925 

±=f= 



=F:i=++ 

+=t±- 


+++- 


It would, therefore, seem that either live or dead Bacterhini alor- 
tum organisms injected subcutaneously will result in the development 
of specific agglutinins in the blood of the calf. They are somewhat 
slower in appearance than with adult animals. 


EFFECT ON THE MORTALITY AND MORBIDITY OP CALVES OP 
FEEDING AS COMPARED TO THE WITHHOLDING OF COLOSTRUM 


The work of Smith and Little^' on the importance of colostrum 
to the new-born calf clearly demonstrates the value of this secretion 
in preserving its health. We were desirous of ascertaining if all 
calves in our experiment receiving colostrum would remain healthy 
and also if it were at all practical to raise calves from which it was 
completely withheld during the early period of their lives. 

In addition to the thirty-nine calves listed in table 1, ten others 
were placed in the experiment, but died at such times that they were 
not recorded in the Bacterium abortiim studies. There was thus a 
total of forty-nine head of calves used. Twenty-seven of these received 
colostrum and twenty-two did not. We observed equal precautions in 
the feeding of both groups to prevent digestive disturbance and 
changed the feeding procedure in various ways in an attempt to 
remedy any abnormal conditions that developed. 


The calves were started on small quantities of milk, diluted with 
water in some eases, and the amount fed gradually increased. Durhag 
the first few days, the feed was usually given three time a day. In 
eas^ where gastro-intestinal disturbances developed, milk was en- 
tirely withdrawn for as long as twenty-four hours and barley water 
substituted. The actual feeding records of calf 1777 in the colostrurfei 
group md 1737 in the no-colostrum group are given below as 
Call 1777, bera June 29, 1923. Received f 

June mi morning of July 1. , ; | 
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Morning and Evening 

Date (each) Noon 


July 1 

1 quart milk (evening only) 




July 2 

1 quart milk 

1 

quart 

milk 

July 3 

14 quarts milk 

1 

quart 

milk 

July 4 to 7, inc. 

2 quarts milk 

1 

quart 

milk 

July 8 

Showed scours 





1 quart barley water 

1 

quart barley water 

July 9 

quarts milk 

1 

quart 

milk 

July 10 and 11 

2 quarts milk 

1 

quart 

milk 

July 12 and 13 

24 quarts milk 




July 14 to 19, inc. 

3 quarts milk 




July 20 to 2d, inc. 

quarts milk 




July 26 to Aug. 19, inc. 

4 quarts milk 




Aug. 20 

Showed scours 





2 quarts nxilk (evening only) 




August 21 

2 quarts milk (morning) 





4 quarts milk (evening) 




Aug. 22 to Nov. 30, inc. 

4 quarts milk 




December 1 to 28, inc. 

Gradually decreasing amount 





of milk until weaned 




December 29 

Weaned 





Calf 1737, bom December 31, 1922. Immediately removed from 
dam without getting colostrum. 


Date 

December 31 

January 1 
January 2 

January 3 
January 4 
January 5 to 12 


Jaa. 13 to Fob. 10, loe. 


Morning and Evening 
(each) 

I quart milk and 
1 quart water 
(evening only) 

•5 quart milk 
i quart water 
Started to scour 
^ quart milk 1 , . . 

i pint water ] 

i quart barley water (evening) 
quart milk 
§ quart water 
I quart milk 
i quart water 
1 quart milk 
^ quart water 

Evening of January 11 calf 
would not eat, but appar- 
ently not sick. 

1 quart milk 
I quart water 


FcteBstry 11 to 19, isae, 1| qtiarts milk 

20 to 22, ise* 3 quairta milk 

Feb. 23 to 2£arek 4 4 quarts nulfc 

March 4 Killed. 


4 

1 


1 

li 


Noon 


quart milk 
quart water 

quart milk 
quart water 
quart milk 
quart water 
quart milk 
quart water 


quart milk 
quart water 
quarts milk 
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Three of the calves receiving colostrum, Nos. 1759, 1761 and 1764, 
died during the first few days of life from scours. Four others, 
Nos. 1749, 1746, 1777 and 1773, shoived some evidence of scours but 
it did not terminate fatally. Twenty remained normal. 

Eight of the calves which did not receive colostrum died of scours, 
Nos. 1745, 1747, 1757, 1740, 1743, 1756, 1760 and 1768. Six others, 
Nos. 1732, 1737, 1741, 1744, 1754 and 1742, showed evidence of scours 
but recovered. No. 1742 died later from poisoning. The remaining 
eight developed no gastro-intestinal disturbances. 

This tabulation gives the feeding of colostrum a decided advantage 
in preserving the health of the calf in early life. However, it also 
shows that this is not the only essential factor in all cases in prevent- 
ing intestinal disturbances as evidenced by the deaths in calves which 
received it. This same observation is made in the practical raising 
of calves in dairy ranches in this state. *We have seen one serious 
outbreak of scours in calves where it was the practice to leave the 
calf with its dam for a period of several days to one week or longer. 

EESULT OF ESAMESTATION OF PLACENTAE AND COLOSTEUM FOE 
BACTERIUM ABORTUM IN GASES WHICH CALVED 

Ten of the eleven heifers that were allowed to reach maturity and 
breed carried their calves to term. The result of the examinations of 
their placentae and colostrum is given in table 4. 

These heifers became pregnant at from thirteen to nineteen months 
of age. All were bred by bulls 411 and 412, which had been used in 
our original series of abortion experiments, and, therefore, during 
1922 and 1923 had been associated with some aborting cows and cows 
that had been vaccinated with living Bacterium abortum. Neither 
bull became infected by this association and their blood gave n^a- 
tive reactions to the agglutination test. Five services were required 
to get No, 1736 pregnant. In the first four of these, bull 412 was 
used and, at the time, he was neither a very active nor sure breeder. 
The first breeding with bull 411 was successful in getting the animal 
pregnant. Three services were required to establish pregnancy in 
No. 1751, the first two being with bull 412, and two for No. 1767, 
both with bull 411, the remainder conceiving with the first service. 

Eight of the ten heifers calved normally. No. 1738 started to 
calve during the day of November 16, 1924, but was not seen by the 
attendant until 5 p. m., when she was found lying down with the 
posterior end of the ealf protruding from the vagina. As the attend- 
ant rode up to her on a saddle horse, she got up and parturition was 
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completed, but the calf was dead. The heifer was quite thin and we 
think parturition had been slo^v, the posterior presentation resulting 
in the calf being smothered during birth. 

No. 1748 developed a marked case of dystocia, and embryotomy 
had to be performed to extract the fetus. She came in labor about 
6 :30 p.m. March 20, 1925. At midnight, the attendant decided the 
calf could not be expelled on account of its abnormal presentation. 
Early the following morning, an examination disclosed the head bent 
down between the front legs and held by the brim of the pelvis. On 
account of the small size of the animal, it was necessary to remove 
both front legs before the head could be elevated and the calf ex- 
tracted. The placenta came away with the calf. The cow developed 
metritis and died March 24, 1925. 

Laboratory examinations of the dead calves born to heifers 1738 
and 1748, respectively: 

Calf of heifer 1738 : 

Brought to laboratory November 17, 1924. 

Bully developed. 

Externally normal. 

Post-mortem examination, normal. 

Cultures made on cooked blood agar, one tube, and glycerin agar, one 
tube, from each of the following organs : 

Lung. No growth visible. 

Liver. No growth visible. 

Spleen. No growth visible. 

Stomach contents. No growth -vdsible. 

Intestinal contents. No growth visible. 

Guinea pig 4151 was inoculated with lung, liver and spleen extract, and 
guinea pig 4152 with storoneh and intestinal contents. Both were 
killed January 6, 1925, and were normal. Their blood serum was 
negative to the agglutination test and cultures made from their spleens 
remained sterile. 

Calf of heifer 1748: 

Brought to laboratory March 21, 1925. 

Externally normal except for fact its two front legs had been removed. 

Post-morten examination, normal. 

Cultures were made on cooked blood agar, one tube, and glycerin agar, 
one tube, from each of the following tissues: 

Lung. Bact. coli. 

Inver. Bact. coli. 

Spleen. No visible growth. Suspicious Gram negative bodies in smear 
from this tube. Tissue suspension injected into guinea pig 4525 
April 17^ 1925. Killed June 3, 1925. Normal. Blood, negative. 
Spleen culture, sterile. 

Stbmaeh contents. Bact. coh- 
Intestinal contents. Bact. coli. 
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Guinea pig 4435 was inoculated with stomach and intestinal contents 
and guinea pig 4436 with lung, liver and spleen extract. Guinea 
pig 4436 died the following day but no post-mortem was made. 
Guinea pig 4435 was killed May 4, 1925, and was normal. Its 
blood serum was negative and a cooked blood agar culture from its 
spleen was negative. 

The guinea pigs inoculated ivith the placenta and colostrum from all of 
the ten animals were negative for Bacterium ahortu^n (see table 4). 

ABORTION OF NON-SPECIFIC CAUSE IN ONE ANIMAL 

The ele^^enth animal, Xo. 1762, of the group that was to complete 
one gestation period, aborted in the seventh month of pregnancy. 
This heifer was bred July 1, 1924, and conceived. On January 22, 
1925, she was observed in the pasture gaunt and showing evidence 
of udder development. Suvspecting abortion, the attendant searched 
the pasture and found the fetus and placenta. With this animal 
at the time were all the other heifers of this group, except No. 1738, 
which had calved in November and been removed. This heifer was 
then taken from the pasture. Colostrum was collected from her 
udder and, together with the fetus and membranes, was brought to 
the laboratory. 

The fetus was normal, but the placenta was very dry and appeared 
to be shrivelled. Two cultures were made on glucose glycerin agar 
from each of the following tissues of the fetus : 

Heart, liver, lung, spleen, 
stomach contents, meconium rectum. 

All of these cultures remained sterile and were discarded after three 
weeks ^ incubation. 

The following guinea pigs were injected intraperitoneally with 
material from the case : 

No. 4291 — ^Lung, liver and spleen of fetus. 

No. 4292 — Stomach contents and meconium of fetus. 

No. 4293^ — Placenta. 

No. 4294 — Colostrum. 

No. 4293 was dead the second day after inoculation with gen- 
eralized peritonitis. Cultures made from the viscera developed Bact. 
ooii. 

■ Tlie r^ainiug tihree guinea pigs were killed March 4, 1925, and 
Thdr blood wa^ negative to the agglutina- 

agglutination 

tessi as Sew repeurted by 

Tranm and as a of withofl 

< s 'i ’ ' ' * ' * t I 
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CONCLUSIONS 

1. This series of experiments demonstrates that Bacteniom ahortmn 
ingested by calves with milk find their way to the lymph glands along 
the alimentary canal, particularly those about the head, and, in some 
cases, gain access to the blood stream as evidenced by their frequent 
recovery from the spleen. 

2. These organisms do not remain permanently located in the body 
tissues of the calf. A few weeks after infection ceases, the organisms 
axe no longer found. 

3. The longest period in which they were found after infection 
ceased was seven weeks in one case in the atlantal lymph gland and 
eleven weeks in another ease in the subma-xillary lymph gland. 

4. No difference between male and female calves was observed in 
this connection. The feeding or withholding of colostrum also had 
no effect on the result. 

5. Although the period between the time infected milk was with- 
drawn and pregnancy was established in the animals that were allowed 
to reach maturity (seven to thirteen months) was much shorter than 
normally occurs in dairy farm practice, none of them showed any 
evidence of Bacterium abortum infection. 

6. The ingestion by calves of large quantities of virulent Bacterium 
abortum organisms in milk, followed by their gaining access to cer- 
tain lymph glands and other body tissues, including the blood stream, 
does not with occasional exceptions result in the production of agglu- 
tinins in the blood of these animals. 

7. The testing of the blood of calves up to the time they are from 
nine to twelve months of age is, therefore, of no value in herds where 
the disease is being controlled by the agglutination test and isolation 
of reactors. 

8. Greater morbidity and mortality were experienced among the 
calves that did not receive colostram. 

9. Nevertheless, we were able to raise calves without colostrum 
and its feeding did not, in all cases, stop the development of, seriotm 
and even fatal gastro-intestinal disturbances. 
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Introduction 

In investigations of the chemical system constituted by the soil 
and the plant, it is unavoidable, in the majority of cases, that the 
research should be directed into some specialized phase of' soil chem- 
istry, or of plant physiology. Little opportunity is afforded to make 
direct comparisons between soil conditions and the conditions of 
artificial cultures. For the past ten years, however, the California 
Experiment Station has conducted various soil and plant investiga- 
tions which have made possible such comparisons. This has brought 
up for discussion numerous questions pertaining to the physiological 
aspects of soil solution investigations, and perhaps it is worth while 
to pause for a short time, in the course of detailed study of experi- 
ments, to take a general survey of several important physiological 
phases of the soil-plant system. 

* This diseussioB is baaed on papers submitted to the Internatioiial Oongiress 
of Soil Science (PMologie), Borne, May, 1924:, and to the Western Society of 
Plant Nutrition, Stanford University? Jone, 1924, and Portland, June, 1925. It 
is intended simply as a critical statement of certain soU solution probto^ a» 
they have presented thems^ves during investigations conducted in 
and its Jimitations preclude any but inddentai references to the literature * 

subject. In its preparation, discussions with my colleagues In ^ 

with investigators in other institutions have mm very he^i^ ; O# 
vffiitm have l^en diseussioafi of soil solutimi qu^tlons with Profeeso? J. 
and Mf. J. 0. Martin, and of physiologic^ problems with Profaned* wJilL 
Upsmtf A. E. Ilavis and W. P. Geriche, 



228 


Wilgardm 


[Yol.l, No. 11 


Physiological Kelations of Soil Solution to Soil Organisms 

Before proceeding rritli the main disciLSsion, which concerns the 
higher plants, it seems indispensable to insert a brief statement 
regarding the phvsiologicai relations existing between the soil solution 
and the microorganisms of the soil. The statement that an essential 
condition of fertility in soils is the development of desirable micro- 
organisms has been made countless times and in many forms. Yet 
this point may require new consideration in connection with current 
researches on the soil solution. The data obtained on water extracts 
of soils and the more striking and definite information made available 
by Burd and Martin^ through their studies on soils with the use of a 
modified Parker displacement method, illustrate the fact that nor- 
mally a soil solution is, in large measure, a biologically controlled 
system; that is to say, nearl^^ all the anion (NO3, SO4, HCOJ content 
of such a solution is of biological origin and equivalent quantities of 
cations must enter into solution along with the anions. If the hydro- 
gen ion concentration remain unchanged, the principal cations in- 
volved would be K, Mg, and Ca. By thoroughly leaching a soil, its 
solution may be brought to a state of very low concentration and 
it appears that most of the essential ions cannot attain concentrations 
suitable for satisfactory plant growth in the absence of the biological 
formation of anions. 

J. C. Martin and I have performed the following experiment 
which bears on this point. After leaching, different portions of a 
soil were placed in paraffined bottles with 5 parts of distilled water, 
and the suspensions were shaken several hours each day for nearly 
a year. In several of the bottles, the water was saturated with 
toluene. At the end of the period of contact, only a comparatively 
slight amount of material had entered into solution in the ease of 
the toluene saturated water, while in the other bottles, where micro- 
biological processes had proceeded actively, there had been a very 
striking increase in the concentration of the solution in contact with 
the soil- Recently, these biochemical relations have been made clearer 
by tiie the studies of Burd and his associates^ on nitrification and 
in relation to the soil solutes. These same investiga- 
give eridenee of the great importance of the biological 
of SO* Elions in soils of the type studied. Apparently, 
we hmk every tosmm to reemphasize the oldeir teachings in terms of 
modem ^tion theories, and it M suggested that from this 
point of mm the study of the naderoorganiaDBas themselv^ must find 
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its ultimate justification in establishing definite correlations between 
numbers or activities of the various types of organisms and the con- 
centrations of the different ions of the soil solution. Likewise, it will 
be desirable to show that any control of the micro-population of the 
soil results in a corresponding control of the soil solution. It is evi- 
dent that in connection with such researches, it will be of importance 
to conduct further investigations on the organic matter of the soil 
in its relation to the multiplication of different soil organisms and to 
the formation of nitrate, sulphate and bicarbonate anions. 


Biological Action and Replaceable Bases 

While the production of anions is accounted for primarily by the 
biological activities of microorganisms, the relative proportions of 
the different bases entering into solution to neutralize the acids 
formed are dependent to a very great extent, although not exclusively, 
upon the nature of those colloidal constituents of the soil involved 
in the replacement of bases. If these reactive compounds have had 
their calcium and magnesium too largely replaced by hydrogen, 
sodium, or trivalent bases, it cannot be expected that a satisfactory 
soil solution will be capable of formation, and of course, in the more 
extreme cases, some of the biological activities referred to above wiU 
themselves be inhibited. In the solution of the problem as a whole, 
it is evident that the study of biological activities and of the reactive 
silicates of the soil should go hand in hand. Both types of inquiry 
are essential in answering the basic question : Under what conditions 
can a soil produce an adequate soil solution? Fortunately, the 
development of the chemistry of replaceable bases has been very 
considerable and many soil problems have been clarified as a result of 
researches in this field. Much time also has been bestowed upon the 
investigation of various kinds of soil organisms, but no sufficiently 
comprehensive work has yet been reported dealing with these organ- 
isms and at the same time taking into account the effects of their 
activities on all the ions of the soil solution. 


Natuee op the Absorption of Essential Elements by Plants 

Even in these brief preliminary statements^ it has been found nec- 
essary to make two assumptions, first that plants absorb inorg^c 
elements only from the soil solution, and, second, that the ahsorptian 
is primely concern^ with ions. Probably these views are held by 
most plant investigators, though they have been questioned by 
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Whether these assumptions are correct or not, the investigation of 
the soil solution is necessary, hut a serious complication would he 
introduced if it were shown that plants possess the power of making 
use of soil colloids directly. Fortunately, there seems to be no reason 
at present to believe that this particular complication must be met. 

Several misapprehensions have arisen in some discussions of soil 
solution theories. Some writers have confused the soil extract with 
the soil solution, and deduced a concentration for the latter far lower 
than actually occurs in a fertile soil at optimum moisture content. 
Moreover, plants do not absorb the soil solution as a whole, but 
absorb the various essential elements from the soil solution. It is 
a very simple matter to show that plants can absorb ions and water 
differentially, so that it by no means follows that the total amount 
of water transpired necessarily limits the absorption of ions from 
dilute solutions. Perhaps it may be difficult to believe that a plant 
can obtain enough PO4 from soil solutions which usually contain 
that particular ion in very low concentration, possibly only to the 
extent of one or two parts per million. However, solution culture 
experiments have demonstrated that a concentration of PO4 of this 
order of magnitude may be adequate, provided that as fast as PO4 
is absorbed, more PO4 is added to the solution, so that the concentra' 
tion never falls below a critical level during those portions of the 
plant’s growth cycle which require active absorption of phosphate.^® 
In a good soil, this is exactly the condition which prevails. "With 
regard to the absorption of iron, experience with solution cultures has 
demonstrated that colloidal iron compounds will not prevent chlorosis 
unless conditions permit of the actual solution of a small portion of 
the iron. 

The ionic nature of absorption, of course, is not capable of direct 
and eertain proof by any methods so far employed, especially because 
the whole question of the nature of ionization is being subjected to 
critical review on the part of the physical chemist. But, admitted 
this, it still appears that the most useful conception regards absorp- 
tion by plants as being concerned with ions. The differential nature 
of absorption, the exchange of one ion for another in a solution during 
the dilute character of culture solutions, the affect of one 
^ the absorption of another and other considerations, seem 
te n&lfag to interpret results in terms of ions.^® Certainly 

them IS (otiier than ccmvenienee in preparation of 

soiutiom) te the <^mpositiom of. mdtore solutions to the 

salts which more or By 

calculating in iwm ^ ^ ^ culture 
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solution or the amounts of the elements absorbed therefrom, any pos- 
sible inter-ionic relations will become apparent. 

In pursuing this inquiry still further, it may be asked whether, 
in general, the concentration and composition of soil solutions from 
productive soils are of such a nature as to be adequate apart from the 
solid phase of the soil. The writer has had an opportunity to make 
just such comparisons by growing barley plants in artificial solutions 
side by side with plants grown in soils, the solutions of which were 
under inve>stigation by Burd and Martin.*^ As a result of these com- 
parisons, the question stated above can be answered in the affirma- 
tive. When a suitable amount of culture solution was used for each 
plant without change of solution after the earlier periods of growth, 
and when low concentrations of phosphate, maintained constant as 
far as possible, were employed, there was no difference of a really 
fundamental character between the artificial solutions and the soil 
solutions obtained by the displacement method. In both eases, the 
growth of the plants diminished the concentration of several of the 
principal ions while the concentration of HCO3 increased as the 
concentration of NO3 decreased. 

It is true, of course, that the technique of solution and sand cul- 
tures as ordinarily employed involves a somewhat different solution 
condition from that found in the soil, as will be pointed out later 
in connection with the concentration of PO4 ions. Also, as a matter 
of convenience, it is frequently customary to change the culture solu- 
tions one or more times each week throughout the growth cycle of the 
plants. If they make good growth and if the volumes of solution are 
limited, it is probable that a very considerable reduction in concen- 
tration of various ions occurs during the intervals between changes of 
solution. This condition will be followed by a sudden change to a 
solution of the original concentration and the cycle will be repeated 
as often as the solutions are changed. In decided contrast to this 
condition is the one which appears to exist (at least as an average con- 
dition) in the soil solution of a cropped soil in which, notwithstanding 
many unpredictable fluctuations, the concentrations of several of the 
important ions decrease in a more or less gradual manner, and during 
the later stages of growth of barley and other plants, it may happen 
that for a considerahle period of time, practically no nitrate remains 
in the soil solution. 
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Absorption at Different Growth Phases 

These considerations suggest the importance of having suitable 
concentrations of essential ions available not merely at some time 
during the season, but at particular phases in the growth cycle of the 
plant. The work of Burd and Martin,^ Stewart and the writer/^-^^ 
seems to establish the fact that a very good barley crop can be 
obtained even when the soil solution has its concentration of NO. 
reduced to a negligible amount by the time of heading out of the 
plants, the fall in concentration of nitrate being accompanied by a less 
striking but significant fall in concentration of several other ions. 
As already stated, entirely analogous results have been obtained with 
artificial solution cultures. 

It has even been suggested by Gericke,^® on the basis of some 
interesting results obtained with solution cultures, that such a decrease 
in concentration of one or more essential elements is not only com- 
patible with good growth, but is a necessary condition for optimum 
yield of crops. Although it is quite conceivable, especially in solution 
cultures, that an injuriously large absorption of one or more essential 
elements might occur or that the absorption might continue over too 
prolonged a period, it would be unsafe to advance at the present 
time too wide a generalization concerning these points, for one reason 
because the habits of growth of different types of plants, as well as 
climatic conditions, very greatly restrict the application of data 
obtained in any one particular experiment. One cannot disregard the 
question of a plant’s ability to tiller or to branch in this connection. 
To give a specific illustration, the writer carried on an experiment 
with barley plants in which, because of the large volume of solution 
used for each plant, and the very frequent changes of solution, the 
concentrations of the various ions were maintained fairly constant 
throughout the growth cycle. The climatic conditions were very 
favorable, and the size of the plants grown in these solutions, in 
respect to total dry weight, number of tillers and amount of grain, 
was greater than that of plants produced during the same season 
by a fertile soil, even when the number of plants occupying each unit 
area of soil was much smaller than is customary in field practice. 
Iiikewise, the plants grown under the solution culture conditions just 
deeciibed were much larger than plants grown in those solutions which 
reduced in concentration at the time of heading out. It is 
pmbabie that different r^lts might have been obtained with 
other types ^ plants possessing hereditary habits growth which 
would have Kmited the amount of tillering or branel&g. 
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When an increased crop yield is obtained with plants like barley, 
by maintaining the original concentration of' the culture solution 
throughout the season, the increase is largely dependent upon the 
production of successive cycles of growth, new tillers being formed 
over a considerable period of time and ripening being greatly delayed. 
(Bach tiller might, of course, be regarded as a separate plant.) In 
general, such a situation would be entirely undesirable for plants 
grown under field conditions within a limited season. As a matter 
of fact, under a favorable climatic environment, it is very improbable 
that nitrate (and perhaps certain other ions) would ever be main- 
tained in high concentration during the later stages of growth of a 
crop such as barley.* Burd and Martin^ showed that even when a 
soil was liberally fertilized with nitrate, the concentration of this 
ion in the soil solution diminished during plant growth to practically 
as low a point as in a similar soil without treatment. 

Assuming suitable moisture conditions, we may, therefore, regard 
it as a normal state for annual plants at least, that the concentration 
of the soil solution should decrease as growth proceeds, but it may 
be highly important, nevertheless, that appreciable, even though 
diminished concentrations of certain ions (for example, calcium), 
should be maintained in the later stages of growth, as has been shown 
by Gericke. It is increasingly evident that much of great value is 
yet to be learned about the effect of mineral elements at different 
stages of plant growth. The most clear-cut and convenient means of 
studying the question is by means of solution culture experiments. 
These are indeed indispensable, but the interpretation of the results 
of such experiments in terms of soil solution data and likewise the 
interpretation of data on the composition of the soil solution in terms 
of physiological response offer great difficulty, as I shall endeavor to 
point out. 


Physiolooical Nature of the Soil Solution 

Earlier in the discussion, an experiment was referred to in which 
excellent barley plants were grown in solutions containing very low 
concentrations of PO4 ion. In almost every solution culture experi- 
ment heretofore reported, solutions have been employed with an 
initial concentration of PO4 far* higher, in some instances several 
hundred times higher, than the concentrations found in the soil solu- 
tions even of productive soils which have been investigated froin thfe 

* This statemeat may not ho.Iti for soils exceptionally high in easily 
posable organic matter. 
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point of view. Under solution culture conditions, because of this 
relatively hig-h initial concentration, absorption of phosphate in the 
earlier stages of growth may be greater than under soil conditions 
and as a consequence the response to phosphate absorption in later 
stages of growth may be altered. At any rate, with regard to phos- 
phate concentration, an important distinction exists between soil solu- 
tions and practically all artificial culture solutions so far described. 

On the basis of experiments such as those mentioned earlier, I felt 
justified in making the previous statement that it is possible to obtain 
entirely satisfactoi'y plant growth in certain artificial culture solu- 
tions differing from soil solutions in no fundamental way. This obser- 
vation, however, does not imply that the presence of a solid phase is 
without effect on the absorption of mineral elements from a culture 
solution. We have compared the composition of plants grown in sand 
and in solution cultures, taking care to provide in both cases exactly 
the same volumes of solution for each plant. The plants grown in 
solution culture had higher percentages of nearly all the mineral ele- 
ments present than the plants grown in sand cultures, although the 
latter developed the larger root systems. Obviously, the ease with 
which diffusion takes place in a solution culture had a marked influ- 
ence on the absorption of the various ions. The retarding influence 
<m diffusion must be manifested to an even greater extent in soil 
media than in sand culture media. The solution in contact with the 
solid medium acts toward the plant as would a more dilute solution 
in the absence of a solid. Probably, therefore, an inhibitory concen- 
tration would lower in a solution culture than in a sand or soil 
culture. 

We shall now continue, in a more detailed manner, the discussion 
of the physiological nature of soil solutions. It is first necessary 
to recall that Bxird and Martin® have been able to obtain, from certain 
soils, sedations which give every indication of closely approximating 
the soil solution as it exists in these soils at optimum or lower mois- 
ture (sontents. The question which interests us in the present con- 
imcilan is the following; To what extent does the solution displaced 
from a mass of soil at a given moisture content represent the solution 
im actital contact with the absorbing membranes of the root system 

tte plant. In the first place, we must recognize the possibility 
all pmrtioss of a root system are equally active at any one 
twa There no doubts as growth proceeds, a constantly 

mm of afeeewebing root the older portions of 

the root system leg® inactive at least with some 

plants. Uompoedte of soil various depths of a 
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cropped soil therefore, yield a composite soil solution derived 

from zones already more or less depleted by absorption, zones from 
wbicli absorption was actively taking place and zones to wbicb the 
roots had not yet penetrated* It is, perhaps, not entirely accurate 
to picture the soil solution of an entire mass of soil gradually becom- 
ing reduced in concentration. Possibly each absorbing root surface 
rapidly reduces the concentration of the soil solution immediately 
available, and this process continues as long as new root surfaces are 
formed and have access to fresh supplies of soil solution. Considering 
the plant as a whole, however, the supply of mineral elements would 
decrease as growth proceeds, if the mass of available soil were limited 
in amount, or if root gro^vth ceased. In field practice, the extension 
of roots into deeper layers of soil and the character of the soil solution 
in these layers may sometimes have an important bearing on the 
absorption of mineral elements during the later stages of the growth 
cycle, as suggested by Crist and Weaver.^ 

It is difficult to say through how great distance ions can diffuse 
into the zone of the absorbing root membranes. In the main, the 
evidence indicates that it is the extension of the root system rather 
than the diffusion of ions to the roots which is of primary importance* 
Yet there must take place a considerable vertical movement of solutes 
along with capillary movement of water. Moreover, the application 
of water to the soil whether by means of rainfall or irrigation will, 
of course, have an important effect on the concentration of the soil 
solution in the various layers of the soil because of leaching processes. 

While it is doubtful whether, by any method of dealing with 
masses of soil, it is possible to determine the exact composition of 
the solution in contact at any given moment with the active portions 
of the root system, still it can scarcely be questioned that soil solu- 
tion studies are capable of demonstrating the general nature of the 
physiologically active solution and the tendency of plant growth to 
deplete such solutions. The practically complete removal of 
NO3 from a limited mass of soil by barley and othei^ crops proves 
that by one mechanism or another, the root system has a very efficient 
contact with the NO3 ions of the entire soil solution. In this connec- 
tion, it would be interesting to know how important is the differential 
diffusion of ions through the soil solution. 


Additional emphasis should be given to the relation betwe^ 
moisture content of a soil and the composition of its sol-fitiefc 
work so far carried out on certain California soil$ 
may exist at optimum and half optimuna moisture an 
inverse relation between moisture content and the 
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several important ions, but this inverse relation does not bold even 
approximately for all ions. Especially it does not apply to PO4 ions, 
wbicb may maintain nearly the same concentration at very different 
moisture contents. It follows, therefore, that every changre in the 
moisture content of the soil brings about highly significant changes 
in the composition and concentration of the soil solution. It is, 
furthermore, obvious that under the soil conditions ordinarily obtain- 
ing during the growth of a crop in the field, the same moisture con- 
tent of the soil is not maintained throughout. Moisture changes 
might, therefore, produce changes in the concentration of the soil 
solution with respect to certain ions, greater than those caused by the 
absorption of solutes by the plant. Even under the highly controlled 
conditions of tank experiments, it is scarcely possible to prevent fluc- 
tuations in moisture content, especially during periods of heavy 
transpiration. 

These considerations introduce other matters of physiological im- 
port. It appears to be quite possible to determine how a soil solution 
is affected by changes in the moisture content of the soil, but this 
does not completely answer questions relating to the physiological 
response of the plant to such changes. At the lower moisture content, 
while concentrations of solutes would be increased, rates of diffusion 
might be decreased. Even leaving aside the influence of the solid 
phase, no simple relation can be established for the physiological 
effects of two solutions of different concentration. Absorption studies 
made on such solutions have indicated that over a given period the 
removal of ions from the more dilute solutions may be much greater 
than would be predicted on the basis of relative concentrations. 

In the soil, the concentration and composition of the culture solu- 
tion, the moisture, and the air supply, may all influence the develop- 
ment of the root system and therefore the total surface involved in 
the processes of absorption. This naturally alters the physiological 
relation of the plant to the soil solution, often perhaps in a highly 
significant manner. 

Unfortunately, the problem, so far as the absorption of ions is 
concerned, is even more intricate, for the reason that the absorption of 
any given ion cannot be evaluated except in relation to the other ions 
present. Thus the rate of absorption of a cation may be influenced by 
the rate of absorption of the associated anion and conversely. Certain 
ions seem to be absorbed at a slower rate than others. Among tlie 
slowly absorbed ions are as a rule calcium, magnesium, and sulphate, 
but such general relations are likely to vary with different types of 
plants. It is possible that the nitrate ion has a special position, not 
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only because it is the source of nitrogen, but also because of its 
possible accelerating effects on the absorption of cations. 

Clearly a knowledge of the composition of a soil solution or of 
an artificial culture solution does not, in itself, enable us to predict 
the rate at which each component ion will be absorbed or utilized by 
the plant. 

The Supplying Power op the Soil 

In any attempt to appraise the crop producing power of a soil on 
the basis of soil solution data, the dynamic nature of the soil and of 
the plant is, of course, a consideration of the utmost importance. It 
is essential to emphasize the supplying power of the soil, a concept 
which has been discussed recently by Lhdngston"^ in another connec- 
tion The vital question is: Can the culture medium supply to the 
plant in each unit of time the required quota of every element needed 
at each particular phase of the growth cycle? According to the pres- 
ent view, many different soil solutions might fulfill this requirement, 
but obviously those of certain soils are deficient, in that the concen- 
tration of one or more essential ions falls so low that the amount 
absorbed in each unit of time becomes insufficient for the needs of the 
plant at some particular phase of growth. Theoretically, there are two 
general ways in wffiich a soil might possess an adequate supplying 
power for essential elements: (a) A sufficient quantity of all the neces- 
sary elements for the total seasonal requirements of the plant might 
already be present in the soil solution of the total mass of soil at the 
beginning of the season. (&) The quantity of dissolved material present 
at any one time might be inadequate for these seasonal requirements, 
but additional amounts entering into solution might make up for 
any initial deficit. The first case can be illustrated by a sand culture 
in which the volume of solution and number of plants are so regulated 
that all elements (in suitable initial concentration) are added to the 
culture in the first instance in such amounts that the solution will 
maintain concentrations appropriate to each phase of growth. In a 
soil as it occurs in nature, the second method is necessarily involved, 
but to a degree varying for different elements. In the case of the 
phosphate ion, a plant presumably could obtain only a small part of 
its requirements for the whole growth cycle by the absorption of all 
the phosphate present at any given moment in the soil solution of 
the mass of accessible soil. 

Several years ago, Burd^ discussed this general question m the 
basis of data obtained on water extracts of a group o£ soils 
intensive study. The ccmolusion was reached that tlMe 
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present in water-soluble form in the whole ma^s of available soil, a 
sufficient total quantity of all the various essential elements for the 
requirements of a large crop at any period of growth. This was true 
even of a soil of relatively inferior crop -producing capacity. Of 
course, the total quantity of water soluble material present is not the 
only consideration since actively absorbing root surfaces are not at 
all times in actual contact with the entire internal surface of the 
soil, but furthermore, adequate supplying power evidently means the 
maintenance of certain minimum concentrations of each ion in the 
soil solution. Just what these minimum concentrations may be in any 
particular instance, we cannot say. Solution culture experiments 
show that often extremely low concentrations may suffice, if maintained 
in the solution for such periods as may be required by the plant. But 
the conditions for dilfusion are so different in a soil that we are not 
justified in concluding that minimum concentrations in solution cul- 
tures and in soil solutions are necessarily the same. However, in this 
connection, results recently published by Burd and Martin^ are of 
significance. The displaced solutions of a number of soils which had 
become depleted through continuous cropping were examined and 
compared with solutions of similar soils which had remained un- 
cropped. Even at the beginning of the season the soil solutions of 
the cropped soils had very low concentrations of several ions (far 
lower than in the soil solution of the uncropped soils). It is not 
certain that these concentrations would be entirely adequate in a 
eontinuoudy renewed artificial culture solution, and certainly in the 
soil, it is not at all luireasonable to suppose that they might he too 
low to permit of the best growth of barley under a favorable climatic 
environment. 

Briefly recapitulating, the supplying power of a soil interpreted 
as a physiological function, depends upon the following factors, among 
others: the concentration of ions in the soil solution at the time of 
initial contact with the absorbing roots, the suitability of the soil 
for root dispersion with the consequent increase in total absorbing 
sEarface, and the ability of the soil to maintain concentrations in the 
soil solution above critical minima for the different phases of growth, 
notwithstanding withdrawal by plants. We are not in a position at 
pr^enl to measure directly any one of these factors. Furthermore, we 
do not know to what extent surplus of an element stored in a plant 
during an early stage of growth can supply the requirements of the 
plant during later stages. Solution culture studies with b^ley 
shown that a favorable medium dtiring early stag^ of glSMitefeF 
cause abundant tiliering. If then, the supply of is 
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exhausted too soon, none of these tillers can mature properly and the 
final growth is less satisfactory than if the supply of culture solution 
had been distributed over a longer period and growth confined to a 
few tillers. 

The complexity of the situation might seem to render hopeless 
any attempt to interpret in terms of plant growth such data as can 
be obtained from soil solutions, yet encouraging correlations of this 
type have actually been obtained, even when the soil solution concen- 
trations were computed very approximately from the results of 
analyses of one to five water extracts, particularly when comparisons 
of cropped and uncropped soils made at frequent intervals were used 
as a basis for estimating supplying power. 

The fact of the matter is that plants possess in general a large 
measure of adaptability to their solution environment. It is perhaps 
impossible to learn the exact composition of the soil solution from 
which the actual absorption of ions takes place for reasons which have 
been set forth, but on the other hand all the evidence at present avail- 
able indicates that agricultural plants can make equally good growth 
in a very great variety of culture solutions. Within wide limits at 
least, there is no evidence that plants thrive only in solutions with cer- 
tain specific ratios existing between various elements. Davis® has 
reported definite experiments in support of this statement. While, 
therefore, it is true that every modification of the solution conditions 
is likely to induce a change in the composition of the crop, it does not 
follow that corresponding changes in the total crop yield wOl occur. 

Nevertheless in cases which fall outside of this broad optinram 
range it is quite possible to obtain at least a general correlation between 
the composition and concentration of the soil solution and crop pro- 
duction, despite the inherent difficulties of determining the exact 
nature of the culture medium of a soil from a physiological point of 
view. It is at least reasonable to assume that considerable differences 
in crop production may be related to soil solution differences saaffi- 
eiently striking to be made evident by the use of avaiMoIe methods 
of study, ‘however imperfect these may be. It is only necessary that 
they should indicate when a decrease in supplying power for some 
element becomes a limiting factor, or when a toxic substance is 
present. 

A complete discussion of the concept of the supplying power of 
a soil would include the oxygen and water supplymg whh^ 

are obviously of first importance amA intimateily bound; 

^applying .powfer for ions. It would ineJude dso ^ 
oonditiote. how selfrevideiit,''H is 
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too strongly or too often the fact that the adequacy of a soil solution 
is not an independent and fixed property of that solution, hut is 
related to the other conditions atfecting the growth of the plant and 
the rate of the absorption of ions, such as light, temperature and 
humidity, Eecent researches warrant the statement that insufficient 
attention has been given to the light factor, especially as regards 
duration. The limitations of this paper, however, make it impossible 
to more than mention these phases of the discussion. 


Specific Absorbing Powers of Different Types of Plants 

One of the most interesting and important problems related to 
the physiological aspects of soil solution investigations concerns diifer- 
ences between various types of plants in regard to their ability to 
absorb mineral elements from the soil, sometimes referred to as the 
feeding powers of plants. Many hypotheses have been advanced to 
account for the recorded observations, but a critical review of the 
e\idenee now available convinces one that we are in possession of 
only a small portion of the data necessary to formulate any adequate 
theoretical basis for these phenomena. In any discussion of this 
kind, the first difficulty which presents itself is the precise meaning of 
the terms employed. Just what conception is conveyed by the expres- 
sion absorbing or ‘^feeding” power of a plant? It has been inter- 
preted to mean various combinations of the follo’vving ideas : 

(a) The difference in the percentage composition of different 
types of plants grown on the same soil. 

(5) Differences in the rate of absorption of au element for each 
unit of surface of absorbing root membranes. 

(c) Total quantities of an element removed from a unit area or 
volume of soil. 

(d) Ability to bring into solution, by excretion of acid or disturb- 
ance of chemical equilibria, undissolved components of the soil. 

(e) Ability to extend the root system into deeper layers of soil and 
thus draw on a larger total amount of soil solution. 

These various interpretations may involve very different sets of 
processes and it will undoubtedly serve to clarify our view very much 
if we at least attempt to differentiate the phenomena involved. 

When two types of plants are grown on the same soil, they are 
almost certain to have a different composition with reference 
to the elements obtained from the soil, but such facts do not ep%hten 
us on the mechanism by which this difference came about. The roots 



Nov., 1925] 


Hoagland: Physiology and the Soil Sohitwn 


241 


of the two plants might have been in contact with surfaces of different 
extent, or with different soil solutions, because of modifications pro- 
duced in the solutions by the vital activities of the plants. The chance 
that the same amount of the same soil solution would be drawn on 
in each case is very remote. Moreover, the composition of the plant 
is, of course, related to the synthesis of carbohydrates in the aerial por- 
tions of the plant, the mineral elements being diluted, so to speat, to 
a different extent according to the kind of metabolism possessed by 
the particular plant, the stage of its growth, and the local variations 
of the environment. Where, therefore, the composition of two plants 
of different types grown on the same soil is found to be different, it 
is an interesting fact, but, one which so far has led to no important 
scientific conclusions. The accuracy of the facts themselves moreover 
is often open to question since the soil assumed to be uniform may, 
in fact, possess considerable variability as well as the individual plants. 

If we grow plants in artificial culture solutions in such a way that 
we are assured that the roots of different types of plants are in con- 
tact with the same or nearly the same solution, we may observe in 
many cases that different types of absorption occur, but also that the 
composition of a plant of any given type can be changed to a striking 
degree by changing the composition of the culture solution. Conse- 
quently, when comparisons are made of plants grown in the same 
soil, not only do we not know the exact composition of their respective 
culture media, but we do not know to what extent the composition of 
the plant reflects a specific type of absorption, and to what extent 
it reflects merely the kind of soil solution which happened to be avail- 
able under the particular conditions and which would vary from place 
to place and from time to time. 

Differences in the rate of absorption of an ion for a unit area of 
absorbing surface, cannot be ascertained, in ail probability, since there 
is no method by which the total extent of absorbing root area can be 
measured. It is a matter of common observation that some plants 
develop much more extensive root systems than others, but these com- 
parisons have only a very limited value for the purposes now under 
consideration, since the general appearance and size of a root system 
is not necessarily an accurate index of the total active absorbing 
surface. 

Comparisons of the total quantities of a slightly soluble element 
withdrawn by different crops from limited masses of the same soil 
may give some idea of the relative absorbing powers of the plants 
for the element in question, but the values will depend upon 
conditions, and upon the adequacy of the supplying power of the 
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for otiier elements, and possibly upon the effects of the crops upon the 
development of microbioio^cal activities. 

One aspect of the absorbing power of plants which was earliest 
investigated had to do with the excretion of acids by plant roots. 
There is no doubt about the abundant excretion of carbon dioxide. 
The evidence of the excretion of other acids is in general negative, but 
this question is not yet settled. Great importance has usually been 
attached to the COo excreted as a means of bringing into solution cer- 
tain elements of the soil. Parker, in a recent article, presents 
evidence which he believes tends to minimize the importance of CO2 
excretion. However, the experiments were conducted on one type of 
soil of a sandy character, and it is not certain that the use of a more 
highly colloidal soil would have given the same results. At any rate, 
it is very difficult at present not to regard the carbon dioxide excreted 
by plants or formed by microorganisms as of great significance, 
although the view of Parker may be correct that it is of less decisive 
influence on the comparative composition of different types of plants 
than has been supposed. Carbon dioxide excretion also may be con- 
cerned in another way in the absorption of ions. Nitrate ions, and 
possibly other anions under some circumstances, may be absorbed by 
many plants much more rapidly than the associated cations. The 
balance in the solution is maintained by the formation of HCO3 ions. 
The metabolism involved in the production of carbon dioxide may, 
therefore, be of great consequence in this type of absorption. 

The displacement of equilibria in the soil as a result of the absorp- 
tion of ions by plants has been strongly emphasized in several of the 
best known theories regarding the relation of plants to the soil solution. 
It is scarcely a matter for argument that the plant does disturb the 
equilibria between soil mass and soil solution to a significant 
degree. For example, the removal of PO4 ions by the growing plant 
displaces this particular equilibrium and causes more PO^ to enter into 
solution. It has been suggested that the removal of calcium by a 
plant also plays a very significant role in the phosphate equilibrium. 
A eeriain support to this view is afforded by the experiments of Burd 
and Martin* in which they found that when hydrogen ion concen- 
trations remained constant, the concentration of calcium in the soil 
solution had a marked influence on the phosphate concentration. As 
applied to the different abilities to remove phosphate from the soil, 
possessed by plants of different t3rpes, the critical data seem to be 
lacking. It ^ould be shown, for example, that buckwheat, which k 
considered to have a special absorbing power for calcium, actually 

* Birrd, J, S., asad M a r tiii, 0^ Primie ecffiansimieaiioii. 
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lowers, or tends to lower, the concentration of calcium in the soil 
solution to a greater degree than barley or oats.’* If this is found ’to 
be true where changes in hydrogen ion concentration do not inteiwene 
to overcome the effect, phosphate concentrations should increase and 
the plant having the greater ability to lower the concentration of cal- 
cium should have an opportunity to absorb phosphate from a solution 
with a higher concentration of this ion, or at least a larger quantity 
should enter into solution and be absorbed by the plant in each unit 
of time. In this sense and probably only in this sense, the plant would 
be utilizing the undissolved phosphate of the soil. 

The whole problem would be simplified if we could explain aU of 
the relations of the plant to the soil on the basis of chemical equilibria 
and mass action effects. Unfortunately, biological systems do not fi.t 
completely into such a scheme. It does not seem possible to escape the 
conclusion that a plant cell may effect the movement of ions against 
a concentration gradient, involving the expenditure of energy by some 
mechanism as yet unexplained. Experiments on the aquatic plants 
Nitella and Valonia, have offered a clear picture of the general 
situation. 

In studying the absorption of ions, it is important to recognize 
that a plant holds a large percentage of its inorganic elements in 
soluble form. Certain elements may be accumulated in a plant in large 
amounts without any evidence that an organic combination or a pre- 
cipitation has been effected, except as regards a very small proportion 
of the total quantity present. On the other hand, much has been 
written concerning the accumulation of calcium in plant ti^ue in 
insoluble form. A striking instance of this insolubility, observed in 
our own investigations, is shown by the buckwheat plant, in which 
nearly all of the calcium may be insoluble in water. This fact, in 
itself, does not justify us in assuming that the insoluble calcium is 
necessarily in the form of calcium oxalate or similar compounda It 
still remains to be determined to what extent poisonous organic acids 
requiring precipitation with calcium, are developed in agriculttiraj 
plants. While buckwheat apparently contains nearly all of the Cal- 
cium in water-insoluble form, Reed and Haas®^ have tound as h%h 
as 60 per cent of soluble calcium in the leaves of citrus plants, 
also are considered to have a marked power of absorbing . 

^d which show great injury when the supply of caleito is 
It has been suggested that the relatively ' high hydrt^ett Jbn 
tration reported for the sap obtained from buqkwbeat pkffife 
^ importanli baring’ on th^r caleium absorbing 

* Experiments oi ito' wtQ jmw b^ng easrried nut 'la 
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gen ion concentrations reported by Reed and Haas for citrus leaves 
show an intensity of acidity very similar to that of barley. These are 
only a few instances of the contradictions which are met with in 
attempting to offer any general explanation of the absorbing power 
of plants for ions on a basis of simple chemical equilibria. 

It will be well at this point to comment on the hydrogen ion con- 
centration of expressed plant saps. .It is evident that the interpretation 
of such data is subject to very definite limitations^ because an expressed 
sap is a mixture derived from many types of cells, both living and 
dead. Changes in reaction brought about under changes in environ- 
mental conditions might result from alteration in the relative pro- 
portions of cells of different reactions rather than from changes in 
the reactions of cells of any given type. The surprising thing is, not 
that sight fluctuations of hydrogen ion concentration have been noted 
when plants have been grown under diverse influences, but rather 
that the reactions tend toward such constant values, as a general rule. 
A striking illustration of this is afforded by the experiments of Reed 
and Haas, in which citrus trees were grown in solutions of extreme 
types without any significant modifications of the reaction (H-ion 
concentration) of the sap expressed from the leaves, although the 
chemical composition of the tissues was influenced in a very marked 
way by some of the culture solutions employed. 


Minimum Requirements of Plants 

Another phase of the specific adaptations of different types of 
plants to the same soil solution, already mentioned incidentally, may 
well merit more attention. It seems to be quite true that many types 
of plants may grow at an optimum rate in the same kind of solution, 
when the composition of the solution and the rates of renewal are 
such that no deficiency in the supply of any element can occur. Un- 
doubtedly, under these circumstances, some elements will be absorbed 
in amounts greater than necessary for growth. It is, of course, by no 
means true that plants absorb only what they need. 

The minimum percentage of any inorganic element which can 
occur in a normal plant tissue wilt differ with different types of 
plants, as has been suggested, for example, by the recent work of 
Jones and Pember,^* and Pember and McLean.'^^® This fact might 
seem to afford a basis for the determination of deficiencies in culture 
media by the chemical analysis of plants. After accumulating a, suffi- 
cient amount of data on plaiits grown under controlled (^nditions, it 
is reasonable perhaps to assume that some hope exists for certain 
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correlations of this kind, yet here again we have to deal with a maze 
of interreacting systems. It is only necessary to mention such diffi- 
culties of interpretation as those involved in the effects of one ion on 
the absorption of another, the possible limited replacement of one 
element by another in physiological processes, and the probable effect 
of climatic conditions on the minimum percentages of an inorganic 
element capable of existing in plant tissues. Yet we have reason to 
believe that some plants grow better than others on a poor soil, because 
they can produce a greater dry weight for a given quantity of some 
element which exists in the soil moisture, or is renewed therein in low 
concentration. 

Sometimes perhaps the adaptation of a plant to a poor soil is con- 
cerned with the length of the growth cycle in relation to the abihty of 
the soil to supply essential elements to the soil moisture, and there- 
fore to the plant. A plant with a short period of growth might be 
adapted to a limited supply or very early exhaustion of some essential 
element in the soil. On the other hand, a plant with a rapid rate of 
growth and a comparatively extended growth cycle might require soil 
in which a high rate of supply could be maintained over a longer 
period. Here, as in every phase of soil solution investigations, phy- 
siological problems demand study. 

Probably nearly every one would agree now to the statement that 
a '^besf’ solution does not exist for any plant in the sense in which 
this term is ordinarily used. In another sense a ‘"best” solution or 
limited number of ‘'besf solutions might be conceived. If each 
essential element could be assigned some definite value on a unit 
basis, somewhat after the manner of evaluating fertilizers, then the 
best solutions would be those producing the largest dry weights of 
crop for the smallest total values, corresponding to the essential ele- 
ments absorbed. Practically a determination of this sort might not 
be feasible because of climatic and other complications referred to 
above. The point it is desired to emphasize is that many culture solu- 
tions of very different composition may all be equally favorable to 
plant growth, but some solutions may be more economical than others. 
If there is to be a search for best solutions, it would seem that it must 
be based on this idea of economy. Incidentally, it may be remarked 
that even if a best or most economical solution could be worked out 
for each phase of grovdh of a certain crop, it is not apparent how sudi 
a condition could be established practically in soil solutions. 

The recognition of the effect of one ion on another m 
processes does not in any way support an ^sumption that m 
can be absorbed or utilized only in some particular r^o to 
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element absorbed at the same time. Nitrate, for example, may be 
absorbed readily from solutions of any non-toxic nitrate. It is, of 
course, obvious that the utilization of nitrate for growth will 
depend upon the adequacy of the supply of all essential elements. 
Thus, relatively large amounts of both potassium and nitrate may 
be required at certain stages of growth of cereal plants, but this 
is not evidence that these ions necessarily must be absorbed or 
utilized in chemically equivalent quantities. During plant growth, 
an extraordinarily complex series of chemical reactions may involve 
the various essential elements and we are totally unable to say at the 
present time how directly or how indirectly any two elements may 
function together in the metabolism of the plant. We can say only 
that lack of a sufficient quantity of some essential element may dis- 
turb the whole chain of processes or alter the internal solution environ- 
ment by which metabolic reactions are influenced. 

These points are , discussed now, for the reason that they focus 
attention on the deficiency of our knowledge with reference to one 
indispensable phase of the study of soil and plant relations, namely, 
the functions of the essential elements in the synthesis of organic com- 
pounds by the plant, and the possible differences which may exist be- 
tween different types of plants in this regard, either in kind or degree. 
Not only quantity but also quality must be considered. In general, one 
cannot say to what extent or why alterations in the composition of the 
soil fiWdution modify the desirable qualities of the commercially im- 
portant portion of a crop. The most denite information available 
eoneems the possibility of changing the protein content of wheat 
by supplying nitrate at appropriate growth phases, as evidenced by 
the investigations of Gericke,^^ Davidson and Le Clerc,® and of others. 

If the analysis of the problem of absorbing powers of different 
plants as given above is correct then we are justified in suggesting 
that while certain well-defined avenues of approach toward a solution 
are indicated, the need of the present is for data obtained under the 
most careful conditions of control practicable. The advancing of addi- 
tional general theories may well await the results of the necessary 
experimontation. 


Soil Aoiuity and Plant Growth 


There is probably no phase of soil and plant relations which has 
received more attention than the influence of ^ii acidity on plant 
growth. the introduction of the hydrogen electro# 

cultural ehemieal laboratori^ the investigation of 
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centrations of soils has become exceedingly popular. It cannot be 
denied that the hydrogen ion concentration of soil solutions is an 
extremely important variable, one that must always be taken into 
account, but it should never be forgotten that many other factors 
may vary concurrently with variations in the hydrogen ion concen- 
trations. If we determine this value alone, it may be a very hazard- 
ous assumption that the observed plant growth or distribution of 
species is correlated directly and exclusively with hydrogen ion con- 
centration. 

After all, how often do we really determine the physiologically 
effective pH of a soil solution ? Nearly all pH values reported so far 
have been determined on soil suspensions. In some investigations, 
it has been found that within wide limits, the proportion of water to 
soil had but little influence on the reaction of acid soils. As the inves- 
tigations are extended to include an increasing number of soils, 
instances are being reported in which changing the proportion of 
water does make an appreciable difference in the reaction of the 
suspension. Probably this should be expected in view of our present 
knowledge of soil solutions and soil extracts. The solid phase would 
be in equilibrium with a different solution for each proportion of 
water, which might result in an alteration in the amoimt of acid sub- 
stances dissolved or in the extent of their hydrolysis. But suppose, 
instead of using a soil suspension, that we determine the pH of a 
solution displaced from a soil at a desired moisture content, are we 
then in a position to state that the reaction as determined is of exact 
physiological significance? Clearly, we are faced with- the same diffi- 
culties of interpretation that have already been described with refer- 
ence to the general composition of the soil solution. 

The soil solution displaced from a mass of soil may have a certain 
definite intensity of acidity, but the question arises, are ail of the 
absorbing root cells actually in contact with a solution of the smm 
acidity as that possessed by the displaced solution? If the soil , 
tion of an acid soil contains nitrate, then as plant growth proe^^te, 
the tendency, according to solution and soil culture data, now available, 
would be for the solution to change its reaction in the direction of a 
decrease in the intensity of acidity. Therefore, if the soil solution 
is to exert its characteristic hydrogen ion concentration, the processes 
of diffusion and of solution would have to keep pace with the 
of the plant to change the reaction of the solntiom It is by, m Umm 
certain that this would be the sinee a rapidly 
^ very ability, to about change of 

the data by and by olh^. ' * ■ ' ' ‘ 
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If a soil suspension shows an alkaline reaction, as determined by 
the usual methods, it is still more open to question whether the reac- 
tion of the soil solution immediately aifecting the plant roots has the 
same alkaline reaction as that of the sxispension, or even that of the 
displaced solution. In this system, the influence of the carbon dioxide 
given off by the plant roots, as well as that developed by the activities 
of microorganisms is of importance. The reaction in such systems is 
determined to a large degree by the equilibrium existing between 
CO.-, HCOg., and CO.. The percentage of CO. in the soil atmosphere 
is generally much higher than in the outside atmosphere and this 
higher concentration tends to reduce the alkalinity of the soil solution. 
In certain experiments I have found that the displaced solution of an 
approximately neutral soil (under crop) which had received a heavy 
application of calcium carbonate was slightly acid, and that the reac- 
tion became strongly alkaline after boiling the solution. The reaction 
of the films of solution in immediate contact with root surfaces actively 
producing CO 2 might have possessed a still different reaction. The 
fact that plants grow well in soils showing, under certain experimental 
conditions, a distinctly alkaline reaction in their suspensions, does not, 
in itself, prove that the plants make their best growth in alkaline 
solutions.* 

If we leave aside the complications of the soil and turn to the 
results of solution culture experiments, we find that the preponder- 
ance of evidence does not indicate that acidity of the order of pH 
5 to 6 is inimical to the growth of common agricultural crops. It is 
certainly true that many soils of a similar intensity of acidity are 
improved by liming, but various other changes occur when lime is 
added, besides the lowering of hydrogen ion concentration. 

In the first place, the acid reaction may be indicative of an absence 
of calcium in the solid phase of the soil in replaceable form by which 
the soil solntion could be replenished. Therefore, a plant might be 
unable to obtain from such a solution the required amount of this 
element. It is easy to understand that an acid soil might be unfavor- 
able to plant growth simply on account of lack of calcium, while 
a culture solution of similar intensity of acidity containing an ade- 
quate concentration of calcium might present an entirely favorable 
medium. The importance of calcium supply in connection with acid 
soil solutions has been emphasized by Traog®° and others. 

♦Compare disecnssion by W. H. Pierre (Soil Science, 1025, xx, 28o~'805), 
publiabed since tliis article was writtea- The data presented by Pierre 
emphasize a somewhat diSerent point of view, bnt are not necessarily incon- 
sistent with the opinions advanced above. 
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In relation to the calcium factor in acid soils, it is especially useful 
to interpret conditions in terms of the theory of replaceable bases, as 
has been done by various European investigators and by Kelley and 
others in America. An acid soil, during the process of its formation, 
may have had much of its replaceable calcium substituted by hydro- 
gen, and thus a soil solution in equilibrium with such a system might 
have too low a calcium concentration from a physiological point of 
view. This conception emphasizes the inability of such a soil to main- 
tain suitable concentrations of calcium in the soil solution. Of course, 
the nature of the plant cannot be disregarded. Some plants may grow 
well even in a solution markedly deficient in calcium for most agricul- 
tural plants. This adaptation may be related to some special ability 
for absorbing an adequate supply of calcium from a solution of escep- 
tionally low concentration with respect to that element, or perhaps to a 
lower requirement for calcium on the part of the plant. 

The importance of supplying the plant with an adequate concen- 
tration of calcium does not necessarily imply that the calcium must 
exist originally in the solution as calcium carbonate or bicarbonate for 
the purpose of neutralizing acids developed by the plant. Unquestion- 
ably the plant has a marked ability to develop biearbonates from solu- 
tions containing nitrate. Since the nitrate ion may undergo complete 
transformation in the plant, residues of basic properties would be 
provided through biological processes even though the culture solu- 
tion contained no carbonates or bicarbonates originally. Furthermore, 
in the buffer system of the plant, other cations than calcium may play 
an essential role. When nitrogen is supplied only in the form of 
ammonium salts, it may become necessary to add bicarbonate to the 
culture medium since the rapid absorption of ammonium tends to 
bring about too great a concentration of hydrogen ions. 

The effect of hydrogen ion concentration on the absorption of other 
ions merits further investigation. Certain experiments have indicated 
that in complete culture solutions of an acid reaction, the total equiva- 
lents of anions (including NO^) absorbed may exceed those of cations, 
the intensity of acidity in the sohxtion being decreased usually to a 
point close to neutrality. With alkaline solutions, the reverse process 
may occur. (The excretion of QOa by roots, as weU as the differen- 
tial absorption is, of course, of primary importance in both processes.) 
As Reed and Haas point out, these findings may not ^ply to all 
plants nor to every ion. The investigators referred to did not 


for example, that Cl was absorbed by citrus trees more rapidi^ ptfm 
an acid solution tl^an from an alkaline one. It m 
effect of reaction on absorption is especially importami in 
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with absorption of nitrate ions and the carbonate-bicarbonate equili- 
brium. In any case, it is certainly true that no simple application 
of an isoelectric point tbeor}" can be made, so far as ion absorption 
is concerned. 

Much evidence has been advanced tending to show that in addition 
to the effect of reaction on normal metabolism, some acid soils are 
inhibitive of plant growth because of toxic concentrations of aluminum 
or iron. Additional factors, such as the influence of reaction on micro- 
organisms, presence of toxic organic compounds, etc., have also received 
attention. While attempts have been made from time to time to 
emphasize the complex nature of the physiological phenomena involved 
in the study of acid soils, universal recognition has not yet been 
accorded the importance of differentiating clearly between the various 
factors. 


Alkaline Solutions and Plant Growth 

Under solution culture conditions, it has very frequently been 
observed that solutions of an alkaline reaction are less favorable to the 
growth of annual plants than slightly acid solutions. At alkalinities 
represented by pH 9 or above, distinct injury may occur. It is now 
necessary to inquire whether the unfavorable nature of an alkaline 
solution is solely attributable to the increased concentration of OH 
ions. 

This is not an easy question to answer since it is difficult or im- 
possible to maintain in alkaline solutions the desired concentration 
of calcium, magnesium, phosphate and iron. The fact that numerous 
plants make excellent grovlh without the slightest evidence of injury 
in certain acid solutions proves definitely that such concentrations of 
H ion are not unfavorable per se, but the inhibited growth in an alka- 
line solution does not, of necessity, prove that the hydroxyl ions are 
toxic. Undoubtedly the limitation of the concentrations of calcium 
and iron in complete culture solutions of alkaline reaction may be 
influential in restricting or preventing plant development. Theron,-® 
however, working with a culture solution of such a composition that 
the reaction could be varied over a wide range, still found an alkaline 
reaction to be less favorable than a slightly acid reaction. Reed and 
Haas,** on the other hand, found that walnut seedlings were extraor- 
dinarily sensitive to an absence of calcium in the culture solution, and 
that solutions of pH 8 to 9 were not especially harmful provided cal- 
cium were present as, for example, in solutions of-calbinm hydrate. 
(However, solutions with pH values much above 9 were stated to be 
toxic.) 
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It is undoubtedly true that different species of plants liaye markedly 
different degrees of tolerance to alkaline solutions, including both 
the high OH ion concentration and the deficient concentrations of 
certain of the essential ions. In soils, a very high pH value is almost 
certain evidence that the soil solution has a deficiency of supplying 
power for one or more ions. AVhile, therefore, much more study of 
the mechanism of injury is required, the emphasis on the generally 
unfavorable nature of highly alkaline solutions is justified. 

A brief comment should be made concerning the difficulty of main- 
taining desired pH values in all?:aline culture solutions. Once started, 
the plant has a striking tendency to reduce the original alkalirdty, 
and there may be, also, an appreciable difference of reaction between 
the body of the solution and the solution in immediate contact with 
the root system. It is especially difficult to draw conclusions when sand 
cultures ai'e used. In such experiments, the total volume of solution 
applied to the sand may be limited in amount and it is quite probable 
that the alkaline reaction may be reduced in intensity with extreme 
rapidity, especially in the films of solution surrounding the roots. 
It will also be found that the sand itself, however purified, tends to 
reduce the alkalinity of the culture solution. 


Methods of Inviestigating the Physiological Effects of 
Soil Reaction 

Notwithstanding the enormous volume of literature pertaining to 
soil acidity, experiments of the most decisive type ar.e still lacking. 
Such experiments w’ould include a very extensive series of observations 
on the displaced solutions or water extracts of many different soils 
of acid reactioiv The soil solution data should be obtained, not merely 
for one sampling, but at intervals throughout the period of growth 
of several typical crops. The concentrations of the principal essen- 
tial elements and of hydrogen ions should be determined and also t3;e 
concentrations of aluminum, iron and manganese, as well as the oxy- 
gen supplying power (Hutchins and Livingstone)^® of the soil, or 
its reduction potential as suggested by Gillespie.^^ Further application 
should be made of present knowledge regarding the exchange of basoSL ^ 
It would not be sufficient to confine the experiment to field 
but large quantities of soil should be made homogeneous and 
tank experiments should be arranged so as to permit of strict ^ 
of moisture conditions, aeration, etc* A properly com 
gation, it will r^diiy be granted, would tax the resoureesjo^^^ 
ment station, yet the expenditure required would be but 
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tion of the sums which have been spent in the past on various field 
tests on acid soils. Furthermore, it is essential to have much more 
definite evidence than we now possess concerning the nature of the 
soil solutions of various acid soils which have been observed to respond 
in different w'ays to lime applications. 

The numerous lime requirement methods, even though useful as 
empirical guides for lime application when correlated with field 
tests, certainly do not clarify very materially the physiological prob- 
lems involved. It is no longer held that lime must always be used to 
the point of neutrality. Occasionally reports have been made of 
unfavorable effects produced by adding large quantities of lime to 
acid soils, and certain acid soils apparently do not require lime even 
for the growth of leguminous crops. Evidently a lime requirement 
method is of very slight assistance in analyzing the physiological con- 
dition of an acid soil solution before and after liming. What we really 
need to know is the quantity of lime required to bring the soil solution 
to a physiologically suitable composition for a given crop, not merely 
wdth regard to hydrogen ion concentration, but also with reference 
to the concentration of calcium, magnesium, phosphate, nitrate, or of 
other essential ions, also of toxic substances. All of these studies 
would be intimately bound up with a consideration of the effect of 
liming on biological activities, because of the relation of the latter to 
the soil solution. 


Alkali Soil Conditions 

The soil conditions commonly referred to under the general term 
of ‘‘alkali^’ present, in many parts of the world, an exceedingly 
important special field of investigation, yet it is well to emphasize the 
view that the study of alkali soils is not set apart from the study of 
soils in general. In large measure, the general methods of attack and 
the basic phenomena are the same throughout. In alkali soils, as well 
as in other soils, we must determine the reaction, concentration, and 
composition of the soil solution in order to arrive at an understand- 
ing of the physiolc^ of inhibited growth. It is true that frequently, 
in such soils, the physical state of the soil may be the primary limiting 
factor, but this condition also is to an appreciable extent determined 
by, or at least reflects, the character of the soil solution. In alkali soil 
solutions, we must sometimes take into account excessive concentra- 
tions of certain ions or undissociated salts, but it is equally important 
to ascertain whether any of the essential ions may not be present 
in too low concentration (for example, Ca or Fe), as a result perhaps 
of high alkalinity or of the character of the bases combined in the 
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silicate colloids. This general question has been too fully developed 
in recent papers to require further discussion here. The few remarks 
which have just been made are intended to suggest that physiological 
studies of alkali soils must follow the course required of all investi- 
gations of soil and plant interrelations, including experiments with 
artificial culture solutions interpreted wdth reference to data on soil 
solutions. 

The Number of Elements Essential for Plant Growth 

In the vast majority of soil and plant investigations, no attention 
has been given to chemical elements outside the list of those commonly 
thought to comprise the essential elements for plant growth. We may 
now regard this list as definitely proved to be incomplete. The work 
of Maze,-- the Rothamsted Experimental Station, McHargue,-® and 
Lipman and Sommers,* makes it necessary to include additional ele- 
ments, such as manganese, boron, silicon, and perhaps numerous others, 
at least for the experimental conditions used by these investigators. 
The investigations in this field will require much extension, but the 
point may now be raised whether all naturally oecuring soil solutions 
necessarily contain adequate concentrations of aU of these rarer or 
less recognized elements, or if so, what influence on plant growth or 
efficiency of utilization of other elements would be produced by increas- 
ing the minute concentrations already present! It is apparent that 
the almost overwhelming complexities of the study of plant growth 
wiU be increased by the necessity of explaining the function of various 
chemical elements overlooked in the earlier history of plant investi- 
gations. 

The statement may be ventured that no completely satisfactory 
solution of the problem of the function of any of the essential elements 
can be realized until the present or future discoveries of the physicist 
and chemist concerning the structure of the different chemical atoms 
are capable of being utilized by the biochemist. 

Possible Extensions of Soil Solution Investigations 

The discussion thus far has been an attempt to present some phases 
of the physiological relations of plants and soils from the point of view 
of scientific research. Before closing, I desire to add several comments 
on the possibility of making practical application of researches of this 
type. In the first place, it will readily be admitted that there is not 

* LdpinaB, C. B-, and Soiuiaer, A. L. 1924, Private commameatiOB. 
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available at the present time any scientific method by wbicb it can 
be predicted under field conditions whether or not a given soil can 
develop an adequate soil solution, or whether a certain system of 
management or fertilization will correct deficiencies. This statement, 
of course, does not deny the practical value of local empirical tests, 
especially when guided by scientific findings. Such tests are generally 
the best means for arrmng at a decision concerning an immediate 
program of local soil improvement. Under the most favorable cir- 
cumstances, therefore, they may be of great practical use, notwith- 
standing the fact that scientific reasons for observed effects may remain 
entirely undisclosed- The danger which inheres in field tests is that 
attempts may be made to generalize from them too widely. It appears 
that sufficient emphasis has not always been placed on the limited 
and local character of a majority of these tests. 

To what extent may it become possible to apply in the field the 
results and methods of intensive investigations of soils and plants, 
such as have been discussed in this articled Obviously, it would be 
useless to obtain haphazard samples of soil from the field for the pur- 
pose of studying the soil solution, because of the variability of soils 
and especially because of rapid seasonal changes in the soil solutions. 
However, it does not necessarily follow that field investigations are 
beyond the range of possibilities. On the contrary, it may become 
desirable, sooner or later, to attempt studies of soil solutions under 
field conditions, in selected areas in which general observation sug- 
gests that some particularly favorable or unfavorable relation exists 
between crop and soil solution. In each investigation of this type, it 
would have to be determined how samples should be taken so as to 
avoid any objections based on soil variability or seasonal fluctuations. 
These factors can never be left out of consideration, yet by the use 
of statistical methods and with sufficient data, it is reasonable to sup- 
pose that important correlations may be discovered. The time factor 
would require very careful consideration. It must be realized that 
a plant is not in contact with a soil solution for an hour or day only, 
but over the whole season and that a soil solution at one time may be 
completely .different from the solution of the same soil at another 
time. 

Unfortunately, the problem is made especially difficult because 
the character of the soil and therefore of the soil solution is not ordi- 
narily homogeneous in different layers. In the case of certain crops, 
it may be very difficult to determine the exact location of the actively 
absorbing root system. Then, too, physical conditions in m mil bay 
interfere with root dispersion and the limitation of growth may 
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be chiefly a question of t6tal available internal surface rather than of 
the character of the soil solution present in any given mass of soil. 
Certainly^ it is not probable that any soil solution studies at present 
feasible are sufficient to explain fully the observed growth of plants 
on different types of soil. These remarks are particularly cogent when 
applied to agriculture under arid conditions where moisture relations 
as such are often of such critical importance. 

It is not to be supposed, therefore, that intensive investigations 
of soils will ever entirely replace empirical tests for local guidance 
in soil treatment, or for the determination of the crops adapted to a 
given soil type. Eather, it must be the function of the controlled 
experiments to seek to explain the main features of crop response, to 
determine the cause of malnutrition, to suggest possibly new kinds of 
local tests and especially to establish principles which shall indicate 
some of the ultimate effects of the various types of soil treatment. 
Finally there always remains the possibility that a thorough scientific 
knowledge of soil and plant relations may make possible some striking 
practical applications at present unforeseen. 
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As would be expected in a dioecious, wind-pollinized x)lant, exist- 
ing varieties of spinacii are in general in a highly heterozygous con- 
dition. Commercial stocks are frequently of mixed varieties, of 
unsuitable types, or incorrectly named. These defects are the cause 
of much loss to growers and canners. Knowledge of the nature of the 
sexual conditions in spinach, a.s well as of the factors controlling sex 
expression, was considered essential to the work of plant breeding. 
There will be presented here, therefore, a description of the sexual 
conditions in spinach, together with results of certain experiments 
to test the relation of sex expression to ecological and physiological 
factors. The genetical aspects of sexuality in spinach will be dealt 
with in a later paper, 

POSITION OF FLOWEE CLUSTERS 

After germination, spinach plants develop a rosette of eight or 
more leaves which arise from a much shortened stem (or '"crown’’) 
located just above the surface of the ground and surmounting the 
thick, fleshy tap root. When the plant reaches a certain size, with 
the cooperation of favorable environmental conditions, the stem begins 
to elongate rapidly. At the same time, lateral branches arise from the 
axils of the rosette leaves, and in some varieties, these laterals may 
in time exceed the central stem in size and height. Secondary lateral 
branches arise from the leaf axils of both central and lateral stems. 
On these secondary branches, as well as on the upper portion of the 
central and lateral stems, are borne the flower clusters. These clusters 
are home axially both on the lai^r stems and on the smaller braaida^ 
.arising the axils. Flowering usually hegim on th^ 
portion of the larger stems and proceeds toward the ba^ am tfei Spi 
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There are from six to twelve flowers in each cluster. These develop 
at such an unequal rate, however, that there are generally only two 
or thi*ee in bloom at once, and the flowering period of a single cluster 
extends over a period of from seven to ten days. 

SEX ARRANGEMENTS IN SPINACH 

With reference to the form of the mature plant, and to the dis- 
tribution of sexes, spinach may be termed tetra-morphic. The four 
main classes of plants are: (1) ‘‘Extreme males. These bear only 



Fig. 1- Extreme^' type of male plant of Prickly Seeded spinach, in flower. 


Stofthaate flowers, and the leaves on the upper portion of the fiower- 
are suppressed entirely or reduced to small scales. 
Bepresentative plants of this type are shown in figures 1, 2, and 4. 
{2} ‘Wegetative males.'' These also bear only staminate flowers, but 
the leaves toward the tip of the flowering branches are more or less 
fully developed, as shown in figure 2. (3) Monoecious plants. Thej^. 
bear varying proportions of both staminate and pistillate flowq^?? 
the same duster, and the leaves toward the tips of the 
branches are fully developed. The ratio, of stminate 
flowers varies widely^ between m a 

between those on different planfc^ Thus a : " 
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staininate, predominately pistillate, purely pistillate early in the 
season but with some staminate flowers later, or almost equally 
staminate and pistillate throughout the flowering period. The 
monoecious type is illustrated in figure 5. Rarely, one finds perfect 
flowers on monoecious plants. (4) ''Female’’ plants. These bear 
only pistillate flowers and the leaves are fully developed to the tips 



3. Two <>£' male plants ia the ifong Standi^ vafiety* 0» J 

Kxtteme nmle. On left, vegetatlTe mSe, 

the steam of the Priefely Seeded variety aare ^ 

Z 4. Other varieties do not diffier 
^ Of two of plants, the ht 
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do so without having formed any rosette leaves, thus producing the 
“spindle” type of plant figured by Kinney^ and attributed by him 
to the effect of growing the plants in poor or unsiiited soils. The 
writer’s observations, however, indicate that this “spindle” condition 
is more probably connected with genetic factors, as is also the differ- 
ence between the “extreme male” and the “vegetative male” type. 





Pig. 3. Female spinach plant, in flower. When crowded the plants are taller 
and the development of lateral branches is less than here shown. 


La 1924, a selected pistillate plant of the Prickly variety was pol- 
iinized by a vegetative male of another selection that produced males 
of that type only. The progeny in 1925 consisted of females and 
vegetative males. Strain No. 47 of the Prickly Seeded variety, which 
hm been propagated for three years on the trial grounds of the Morse 
Sa^ Company at San Carlos, California, and has been rogued very 
cairefnily to remove all early flowering plants, now produces males of 
the vegetative type only, indicating that the early flowering extreme 
male eharaet^ has been completely eliminated from the population. 
Commercial stocks of late or “long standing” varieties, which have 
been more or less carefully rogued to maintain the “long standing” 
character, produce few or no males of the extreme type. None of the 
treatments later described in this publication aifected the proportion 
between the two types of mMm. * All of tb^ facts indi<^e.1hat the 
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production of two types of male plants is due to genetic factors, and 
not to environmental influences. 

Male plants, especially the extreme type, send up their stalks 
earlier, begin flowering earlier, and have a shorter flowering period 
than females. In the progeny of a strain that had been selected for 
uniformity of type for two years, records were kept of the date at 



Fig. 4. Female spinach plant on left. Extreme male on right. 
Prickly Seeded variety. 


which each plant in a row containing 234 plants began flowering. 
On the male plants the average date at which the first flowers of eadi 
stalk opened was April 25, while on the females it was May 6, two 
weeks later. Some of the male plants began to die on May 6, and the 
others were nearly through flowering. By May 13, pollen had become 
scarce in the field- All the ‘^extreme'* males were dead on May 2S^ 
though a few of the vegetative type survived- The female plants, 
the other hand, were not all in flower until May 15, and they ccatinned 
growi^, flowering, and forming their fruits until June 10, when 


were hilled by Fusarium wilt and the heat* The significance to ftte 
seed grower of this disparity in flowering period 


paperv The early appearance of the floiw 
eoi^derable los^ to growe^^^an4_^^ 


in'tho population 'are 
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males. Conversely, the plants that are larger in the early part of the 
season may usually be later identified as females. Thus, in 1923, 135 
plants of various varieties were selected, chiefly because of their large 
size, early in the season. Of these, 72 per cent proved to be females 
and 28 per cent males. As will be seen later, this is not a normal sex 
ratio. In the same season, a row of Prickly No. 15 was thinned some- 
what when the plants were half growm.. Though this strain in other 
tests has produced regularly a slight excess of males, in this plot of 
364 plants there were 46 per cent males and 56 per cent females. 
Apparently, where some thinning is practiced, more than half of the 
remaining plants are lilcely to be females, because in thinning, either 
either consciously or unconsciously, the workman removes the smaller, 
less thrifty plants, which it seems are to a large extent potential males. 
Apparently, in spinach the extreme male plants at least, are both 
biologically and horticulturally inferior to the females. The general 
differences in size, vigor, and duration of life for extreme male and 
for female spinach plants agree well with those reported by Schaffner^ 
and McPhee® in the case of hemp. The vegetative males, however, 
have more nearly the form and the course of development of females. 
The development of strains in which all the males are of the "‘vege- 
tative'^ type seeios desirable, not only because of the elimination of 
tdhe noil-productive, early bolting “extreme males,'' but because the 
vegolalive males more nearly coincide with the females in their 
lowering period, thus insuring more certain pollination. 

Monoecious plants are relatively rare. In many strains, none have 
been observed. Smith^^ reports as many as 4 per cent in some strains. 
The highest proportion of monoecious plants observed in a commercial 
stock of spinach by the writer was in Long Standing No. 16, which in 
plot of 162 plants, produced 52.5 per cent males, 38.8 per cent 
females, and 8.7 per cent monoecious plants. Thus it seems that the 
moaoeoious plants replace females in the sex ratio; i.e., the presence 
jgueh plants nearly compensates for an abnormal deficiency of 
in the population. While monoecious plants in spinach are 
ini^-sexual in their nature, and occur in varying degrees 
of mateness or femaleness, still the occurrence of these intergrading 
i<mm has pot been affected by the widely differing environment^ 
conditions ited^ which spinach plants have been grown. On the 
other hahd, seeds feom monoecious plants, which may or may not have 


been self -fertilized,, progenia with an abnomaliy large pro- 
portion of mcnoemo^ .^wn from || 

monoecioim individ^ 
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a monoecious selection of the Long Standing variety consisted of 
13 females, 7 monoecious, and 19 male plants. Another interesting 
point is that the monoecious plants in these two progenies presented 
the same degree of maleness or femaleness as did their respective 
parent plants — in one case predominately female, in the other pre- 
dominately male. The evidence indicates that physiological conditions 
play no part in the occurence of intergrading sex forms in spinach. 

There is, however, one phase of monoecism that may seem to be 
rather directly connected with physiological conditions wdthin the 



1 2 3 4 5 

Pig. 6. Terminal branches from different types of spinach plants. (1) Extreme 
male, (2) an intergrading vegetative male, (3) vegetative male, (4) monoecious, 
(5) female. 

plant. In some strains, a considerable proportion of the plants, purely 
pistillate in the early part of their flowering period, produce late in the 
season, some staminate flowers toward the tips of the branches, especi- 
ally of small lateral branches. Those who believe that sexuality of 
plants is determined in the somatic tissues by physiological influences 
may consider this a form of sex reversion associated with the declining' 
vigor of the older plants and the more adverse conditions as to tem- 
perature and moisture supply to which the plants are exposed late in 
the season, A similar end-season’^ sex change has been observed in 
other plants by several writers. However, the fact that this apparent 
sex reversion in spinach is limited to certain strains and to certain 
plants within these strains, while nearby plants under the same con- 
ditions continue to be purely pistillate to the end of the season indicate 
that this apparent sex reversion is connected with potentialities within 
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the plant based on genetic factors. It must always be remembered 
that spinach, being a wind-poUinized plant, produces in even the 
purest commercial strains, quite heterogeneous populations, consisting 
of plants with widely differing genetic constitution. 


THE SEX EATIO IN DIOECIOUS PLANTS 

The relation of physiological factors to sex-expression has been 
extensively investigated in - dioecious plants, though our knowledge 
for the basis of sex in plants is at present in a rather confused state. 
Much of the work reported to date indicates the possibility of physio- 
logical control of sex in plants. Thus, Halstead® states that in hemp 
grown on heavily manured soil, there was an excess of pistillate plants, 
while on the adjoining unmanured plot there w^as nearly a 1 :1 ratio. 
Shaded, irrigated, and check plots also produced the two forms in 
nearly 1 :1 ratio. Halstead also grew hemp from early, medium, and 
late maturing seed and observed a slight tendency for an increasing 
proportion of females in populations grown from the medium and late 
matured seed. 

Correiis*-^ studied the effect of environmental conditions upon the 
ratio of hermaphroditic and pistillate flowers produced from day to 
day on the gyno-monoecious plants of Satiireja Iwrtensis. He observed 
an apparent connection between poor nutrition (due to poor soil, 
deficient light, or disadvantageous position of the plant) and a 
decreased proportion of hermaphroditic flowers. Under favorable grow- 
ing conditions, there were only 3 3 per cent hermaphroditic flowers, as 
compared to 79 per cent under normal conditions of culture. He also 
observed that different strains of Satureja Jioi'tensis showed marked 
differences in the percentage of perfect and pistillate flowers. Later, 
Correns^ reports that in a dioecious species of MeMntkmm there were 
approximately 44 per cent male and 56 per cent female plants. The 
sex ratio was said to be affected by varying the amount of poUen 
applied to the pistillate flowers. With a superabundance of pollen, 
12 per cent more females were produced by the resultant seeds than 
from flowers receiving only a small amount of pollen. Cutting off 
the style soon after pollination also increased the per cent of females, 
indicating that female-producing pollen grains may have a more 
vigorous pollen tube growth or in some wslj effect a more rapid 
fertilization of the ovules, Brambell^ concluded that every fertilized 
ovum must contain the potentialities of both sexes, but in dioecious 
organisms the fertilized egg may contain a greater inherent tendency 
toward one sex than the other, the chances of reversal being inversely 
proportional to the differences in strength of the two tendencies. 
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Merciirialis annua has been a favorite species for the study of sex 
deterinination and of sex inheritance in plants. However, Gillot^ 
questions the work of previous investigators with this plant, on 
account of the irregularity of germination of the seed. Seed collected 
in August, 1919, gave 14 per cent germination at once, 60 per cent 
in 1920, 55 per cent in 1921, 60 per cent in 1922, and 52 per cent 
in 1923. Apparently, the preponderance of one sex over another, in 
this plant, varies also with the season seeds are collected, for the ratio 
of males to females in collections made at different seasons by Gillot 
varied from 84 :100 to 129 :100. In spinach, commercial samples of 
which have from 15 to 50 per cent non-viable seed, this factor might 
be a cause of abnormal sex ratios, if there were any difference in the 
viability of male or female-producing seed. 

Pritchard^*^ was able to alter the sex of hemp plants by several 
different treatments, such as bagging the tops, injecting chemicals into 
the stem, and particularly by removing flowers. Eeversal wms secured 
in both directions; i.e., staminate plants were caused to form some 
pistillate flowers, and ^dce versa, leading to the conclusion that both 
males and females are potentially monoecious. Schaffner^® found that 
hemp grown in the fleld during summer produced pure staminate and 
pistillate individuals in appx'oximately 1 :1 ratio, but grown in the 
greenhouse in winter, it evidenced great confusion in sexual 
expression. Both male and female plants appeared to have poten- 
tialities of both sexes, and Schaffner was led to conclude that 
reversal of the sexual state takes place in the vegetative tissues. 
McPhee*’ also found more inter-sex types in hemp when grown in the 
greenhouse in winter, but concluded that while ‘ ‘ environment in some 
way affects the development of sex in this species, the evidence shows 
that it does not control it. ’ ’ Although McPhee grew the plants with 
controlled length of day, from 3 to 24 hours illumination, his report 
shows no connection between this factor and sex expression of the 
plants. 

Schaffner^^ has been able to secure complete reversion of sex in 
Arisaema, in both directions, by altering the water and plant food 
supply. Dryness of the soil caused ail the monoecious and most of the 
pistillate plants to change over to staminate form. Nearly all of these 
plants, as well as those originally staminate, became pistillate the 
following year, under the influence of heavy manuring and abundant 
moisture. This is probably the most complete and striking case on 
record of sex reversion in plants. 

Reide^^ has studied the correlation between the sexual condition of 
plants and the quotient represented by the ratio of carbon assimilation 
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to absorption of inorganic salts. He finds that in corn this quotient 
must be higher for the development of pistillate than of staminate 
flowers. Gardner^ concluded from the evidence in the literature that 
femaleness in plants is associated with rich soils, abundant moisture, 
liberal spacing, the vigor of youth, favorable growth conditions in 
general ; maleness is associated with less favorable growth conditions. 
In his own experiments with a normally perfect-flowered variety of 
strawberry, Gardner observed changes in the sexual state, correlated 
with the widely differing nutritive conditions to which the plants were 
subjected. Nearly all plants ^‘starved’’ by growing in sand expressed 
themselves as pistillate forms, while those grown in rich soil were 
normally hermaphroditic. This apparent contradiction to the general 
rule stated above, Gardner explained by the low carbohydrate content 
of the starved plants at the time of fruit -bud formation, a condition 
that is said to be more generally associated with extreme vegetative 
growth under the most favorable conditions. 

The only mention*' in the literature of sex ratios in spinach that 
has come to the writer’s attention is the observation of Hoffman’ that 
the ratio of males to females varies according to the spacing of the 
plants: when crowded or more or less stunted, males predominate; 
with wider spacing and better growing conditions there are relatively 
more females. No definite ratios are given. If the wider spacing was 
secured by hand thinning, however, then it is possible to explain the 
excess of females noted by Hoffman where the plants were widely 
spaced, for the operation of thinning, as has been previously men- 
tioned, is likely to eliminate the least thrifty plants, the greater 
portion of which are potential males. 

Prom the facts recorded in the literature, one can hardly escape 
the conclusion that no general rule can explain the phenomena of 
sex expression for all plants. In some plants sex may be more or less 
directly controlled by environmental factors; in others there is some 
apparent environmental control of sex expression, though the prin- 
cipal differences are determined genetically; and in still others there 
is no connection between physiological factors and sex; i.e., sex is 
controlled entirely by genetic factors. The following experiments 
indicate that spinach belongs to the last class, 

* Beeently, A. R. Zwaan (Seed World, 18:6, 7-9, 1925) has stated that 
spinach seed grown in hot and dry climates produces an excess of male plants, 
while seed grown in the cool moist climate of Holland produces nearly ^qnal 
nnmber of males and fenrales. However, tests of place effect” are not re* 
liable nnlese the different lota came originally from the same lot of seed. Ihe 
writer ^s tests with California, Phget Sound, and Holland seed show no con- 
sisient relation of ^uree to sex ratio. 
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expeei:mexts on sex expression in spinach 

It ^vas desired to determine whether sex expression in this plant 
could he influenced by environment, by nutritive conditions, or by 
other physiological means. The value to the seed grower, of any 
means of regulating the sex ratio, is obvious from the fact that yield 
of seed per acre depends largely on the number of female plants. 
Observations have been made on a large number of strains, including 
all commercial varieties grown in this country and in Europe, as well 
as in the progenies of some selections. Also plots have been grown 
to determine the effects of a single environmental factor on sex expre- 
sion. Seeds were sown rather thickly, no thinning was practiced, and 
the sex of every plant was recorded. 

Nutritive Conditions , — Plants have been growm in parallel plots 
of poor sandy soil and of heavily manured soil during three different 
seasons. These plots were prepared in cold frames, though the plants 
wvere grown without cover. The sandy soil was poor enough to stunt 
greatly the plants grown in it. Those grown in rich soil were four 
to ten times as large. The results of the sex counts, taken as the plants 
began to bloom, are given in table 1. 

• TABLE 1 


Sex Ratios ix Spixach Grown under Different Nutritive Conditions 


Variety 

Date planted 

Total No. 

Per cent 
males 

Per cent 
females 

Per cent 
monoecxons 

Long Standing No. 11 
Poor soil. 

Apr. 10, 1923 

46 

48 0 

50 0 

2 0 

Rich soil 


32 

47.0 

53.0 

0 

Prickly No. 38 

Poor soil . . 

Dec. 3, 1923 

75 

46 6 

53 4 

0 

Rich soil . 


121 

46 3 

53 7 

0 

Prickly No. 15 . . . 

Poor soil 

Feb. 25, 1924 

115 

54.8 ; 

45 2 

0 

Rich soil... 

1 

85 

58.8 : 

41.2 

0 

Prickly Sel. No. 10 

Poor soil 

Jan. 20, 1925 

190 

48.4 

50.6 

1 0 

Rich soil 


202 

55.0 

45.0 

0 

Total for all tests: 

Poor soil ! 


426 1 

49.8 

49 5 

0.7 

Rich soil 

j 

440 

49.8 

50.2 

0 


The combined results for all the tests being considered, it appears 
that there is almost exactly a 1:1 ratio between males and females. 
Fortunately, there were practically no monoecious plants to confuse 
the resnlts. However, in the individual tests, the ratios varied slightly, 
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a fact wliick may be due to a tendency for certain strains to produce 
more of one sex than the other, though the numbers of plants in the 
individual tests were hardly great enough for such small departures 
from the 1 ;1 ratio to be significant. 

Shading . — Parallel plots of spinach were grown for three years, 
one plot being covered by unbleached ‘‘CG’' muslin supported on a 
frame 3 feet high, the other being left uncovered. Marked differences 
in the size, form, and rate of growth of the plants were noted. Plants 
in the shaded plots were lower in per cent of dry matter, and sent up 
stalks and began to flower earlier. The results of the sex-counts are 
given in table 2. 

TABLE 2 

Relation of Growing under Shade to Sex Expression in Spinach 


Vanety 

Date planted 

Total No 

Per cent 1 
[ stammate 

Per cent 
pi*;tiHate 

Long Standing No. 11 . 

Under shade . 

May 15, 1923 

75 

! 48 0 ' 

52,0 

Without shade 


44 

1 51.1 i 

48.9 

Prickly No. 15 

Under shade . 

Feb. 25, 1924 

110 

i 

55 5 

44,5 

Without shade . 


90 

57. S 

42 2 

Prickly Sel. No. 10 

Under shade . . . 

1 Jan. 20, 1925 

! 

19? 

48 2 : 

51.8 

Without shade. 


195 

55. 3 

44.7 

Totals: 

Under shade 


382 

50 5 

49.5 

Without shade 


329 

55.6 

44.4 


On the whole, plants grown under shade produced almost exactly 
a 1 :1 ratio of males and females. The unshaded plants produced a 
slight excess of males in each ease. Prickly No. lb is a California- 
grown stock, extremely heterogeneous in type and the seed was of 
low viability. Prickly Selection No. 10 is a California-growm stock 
of very low viability, selected for two years for uniformity and for 
the long standing habit. It is the latter strain that is of special 
interest here for the same stock was used in other tests involving a 
larger number of plants and in each case produced as many or more 
males than females. May it be that certain strains produce seed which 
carry the factor for one sex to a greater extent than the other ? 

In any case, it seems that shading had little or no effect on sex 
expression, in spite of its marked effects upon the physiological activi- 
ties of the plants and probably upon the chemical composition. 

Spacing . amount of space a plant has in which to develop 
affects its form and activities. As compared to plants with ample room, 
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cro^vded spina^jli plants elongate the central stem earlier, and in fact, 
may form no crown and rosette leaves at all ; the internodes and leaf 
petioles are longer; axillary branches are mostly or entirely sup- 
pressed; and the flowering period begins earlier. This agrees with 
the commonly known fact that conditions of culture may cause quite 
as much difference in the form of a plant as do hereditary factors. 
The possible effect of plant spacing on the sex ratio was also studied. 
Rows were sown at the standard width of 15 inches, but with varying 
amounts of seed, so as to minimize the necessity for thinning to secure 
the desired spacing. That thinning tends to eliminate a greater 
number of males than of females, and so upsets the normal sex ratio, 
has already been mentioned. Table 3 gives the results of the more 
detailed experiments on spacing. 


TABLE 3 

Delation op Space ik the Bow to Sex Expression in Spinach 


1 

Vanet-j 

Date planted ! 

Total No 

Per cent 
staminate 

Per cent 
pistillate 

Per cent 
monoecious 

Prickly No. 38: | 

Dec. 10, 1923 





6*^ apart | 


330 

48 2 

51 8 

0 

2 apart 


689 

50 5 

49 5 

0 

1 apart . - 1 

1 

645 

50 4 1 

49 4 

0 2 

Prickly No. 72 

Feb. 19, 1925 





• 3' apart 


130 

46 9 

53 1 

0 

^ 1 apart 


243 

43.2 

56.8 

0 

Prickly No, 73 . 

Feb 19, 1925 





3^ apart 


72 

48 6 

48.6 

2 8 

1 apart .. 


135 

45.9 

54.1 

0 


In the spacing tests with Prickly No. 38, where large numbers were 
involved, almost exactly a 1 :1 ratio was produced in the 1 and 2 inch 
spacings where practically no thinning was done. To secure the 6 inch 
spacing, some thinning w^as necessary, and here there was a slight 
preponderance of females* Prickly No. 72 and No. 73 proved to be 
stocks of identically the same strain, though secured from different 
sources. With this strain there was a slight though consistent excess 
of females, regardless of spacing, the opposite of a condition that has 
already been pointed out in two other strains. It appears that spacing 
does not affect the sex ratio in any case. 

Date of Planting , — It was thought that the relation of length of 
day to sex expression could be studied through plantings made at 
intervals in winter and spring. However, it was found that the 
different winter plantings flowered at nearly the same time, whfle 
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plantings after March 1 perished from the heat before flowering. 
Nevertheless, time of planting (earlv or late winter) does affect the 
vegetative development of the plants very materially. In California, 
November and December plantings develoiD very slowly during the 
cold weather, but grow rapidly during the warm moist periods of 
late winter and early spring. January and February plantings grow 
rapidly from the start, but do not attain as large size before stem 
elongation and the reproductive processes begin. The plants in a plot 
of Prickly Selection No. 10, sown November 15, began to flower during 
the period April 14 to May 14. The same strain sowed February 2, 
began flowering from May 1 to May 24. Nine weeks difference in 
planting resulted in only two weeks difference in flowering. One row 
of the November planting, which contained 234 plants, produced 58.6 
per cent males and 41.4 per cent females. Another row planted on 
the same date and containing 310 plants, produced 57.1 per cent males 
and 42.9 per cent females. In the February planting, there were 266 
plants, of which 52 per cent were males and 48 per cent females. The 
tendency of this strain to produce an excess of male plants has already 
been mentioned. The date of planting does not seem to have altered 
the sex ratio materially. 

Mutilation . — Ten male plants that were about to flower were cut 
back to stubs on May 1. The small axillary branches that w^ere left 
developed and produced an abundance of staminate flowers only. Ten 
female plants that had just begun flowering were likewise cut back. 
Branches that subsequently develox:>ed on these plants produced only 
pistillate flowers. 

CONCLUSIONS 

Spinach is tetra-morphic, though there are intergrading forms in 
the purely staminate and in the monoecious classes. 

Environmental influences seem to have no effect in determining 
which type shall be developed. In the case of the two types of males, 
and in the monoecious forms, there is e^ddence that the differences 
are due to genetic factors. 

Male plants, especially the extreme males, are in general 
smaller, form flower stalks earlier, bloom earlier, and die earlier than 
female plants. 

In general there is a 1 :1 ratio between male and female plants, 
but some strains seem consistently to produce a slight excess of male 
plants, while others of the same variety produce an excess of female. 
This fact, if borne out by further tests, may be utilbsed through 
plant-breeding methods to the advantage of the seed grower, who 
would prefer to have an excess of females in the population. 
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Experiments to test the influence of rich versus poor soils, of shade 
versus full light, of wide versus close spacing, of early versus late 
planting, and of mutilation, have shown that none of these treatments 
have any appreciable influence on sex expression in spinach. 

Thinning is the only cultural treatment aifecting the sex ratio in 
spinach that is likely to be of any value for the seed grower. If 
the seeds are sown thickly and the smaller plants are rogued out 
early in the season, those remaining may present an excess of females. 
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THE ROLE OF ACIDITY IN VEOETABLE 
CANNING 

W. V. CBUESS, W. Y. FONG, and T. C. LIXI 


Present industrial methods of sterilizing canned vegetables of low 
acidity result in considerable injury to texture, flavor, and color 
because of the high temperatures and long periods of heating neces- 
sary to destroy heat resistant organisms. Because of the lack of 
proper facilities, it is not feasible in many homes, to apply the temper- 
atures necessary to sterilize vegetables, and heating for one to three 
hours, at the temperature of boiling water, a method formerly recom- 
mended for home use, has been proved unsafe because it does not 
always destroy the spores of B. hotuUnus. 

It is a well recognized fact that vegetables of high acidity, such 
as rhubarb and tomatoes, are easily sterilized. It is also well known 
that the addition of dilute organic acids to the brines used in can- 
ning makes it possible to preserve vegetables of low acidity by heating 
at 100^ C. 

However, previous investigations showed considerable variation in 
the effect of added acid on the sterilization of various vegetables. 
Not aU vegetables behaved alike. Preliminary observations also 
showed that at least some of the variations observed could be traced 
to marked changes in pH value of the acidified brines during heating. 
Therefore, one part of the present investigation was to determine 
the magnitude of these changes in pH value. 

A second part was to determine more accurately than had been 
done previously the effect of acidified brines on the sterilization of 
vegetables of low acidity artificially contaminated with large numbers 
of heat resistant microorganisms. 
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EE VIEW OF THE LITEBATUEE 

Experiments eonducted by Cruess in 1913-1915 and reported 
briefly in Circular 158' of this station in 1916 showed that peas, 
string beans, pumpkins, beets, turnips, artichokes, and asparagus 
canned in brine acidified with 4 to 6 ounces of lemon juice per gallon 
and processed one hour at 212° F., kept perfectly for an incubation 
period of more than a year, while the same vegetables canned in the 
same manner but in non-aeidified brines spoiled. The samples were 
not artificially inoculated wdth heat resistant organisms, but the fact 
that the non-acidified cheeks spoiled showed that such organisms were 
present naturally. 

Dickson,'^ Bimke and Ward conducted experiments in 1917 and 
1918 on the effect of acidified brine on the growth of B. iotulinus and 
on the destruction of its spores by heat in canned vegetables. Their 
conclusions are summarized in the following quotation : 

Our first series of experiments show beyond all doubt that when exposed to 
brines containing lemon juice in the amount of approximately 5 per cent, a virulent 
toxin is developed under favoring conditions of temperature. But when the spores 
are exposed to the action of boiling water for one hour in acid brines of similar 
concentrations, as in the method of canning recommended by Cruess or in a mixture 
of lemon juice of more than 2 per cent, as in our prehminary experiments, the 
spores are completely destroyed. 

Their control samples, not acidified, but heated for one hour in 
boiling water developed growdh of B. hotulinus and a strong toxin. 

Skinner and Glasgow'^ report that the addition of two tablespoons 
of vinegar of 4.4 per cent total acid (as acetic) per quart of brine 
used in canning asparagus greatly reduced the time necessary for 
sterilization at 100° C. 

Weiss* determined the effect of pH value on the death point of the 
spores of a resistant strain of B, hoinlimis. In citric acid of a pH 
value of 3.16 (2.1 per cent acid) the spores were killed in less than 
10 minutes at 100° C., while the time required at pH 6.66 (nearly 
neutral) was 90 minutes. 

The same investigator^ found that the spores of B. hotuUnus were 
killed at 100° C. in eleven different food juices having a pH range of 
2,1 to 3.81 in less than 50 minutes, in 60 to 90 minutes in those of 
pH 4.22 to 4,4, in 90 to 120 minutes in those of pH 5.13 to 5,36, while 
those of pH 5.69 to 6.21 required 150 to 180 minutes. ’ 
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Using spores of thermophiles that are extremely resistant to heat 
Bigelow® and Esty determined the death times in juices expressed 
from various commercially canned vegetables at 100^, 110'', 115°, 
and 120° C. The time necessary to Idll the spores of the most resistant 
organism at 100° C. was as follows; 1200 minutes in corn juice of 
pH 6.1; 1020 minutes in pea juice of pH 5.3; 360 minutes in sweet 
potato juice of pH 5.0 ; 210 minutes in spinach juice of pH 5.0 ; 360 
minutes in string bean juice of pH 5.0; 210 minutes in beet juice of 
pH 4.7, and 210 minutes in pumpkin juice of pH 4.5. 

Dickson* and his associates in 1922 rei^orted experiments in which 
the heat resistances of B. hotidimis spores in various concentrations of 
hydrochloric, citric, acetic, and lactic acids were determined. At 
corresponding pH values, there seemed to be little difference in the 
toxic effect of the various acids. The OH ion also exerted a toxic 
effect, as it was found that the heat resistance was much less in 
alkaline than in neutral solutions. 

Esty® and Meyer conducted an extensive series of experiments to 
determine the effect of hydrogen ion concentration on the death point 
of B. hotulinus in phosphate solutions, Difco pepton solutions, double 
strength veal infusion, spinach juice, and in juices expressed from 
many canned foods. Because of the action of buffer substances, much 
more acid was required to give the desired pH values in spinach juice 
than in phosphate and peptone solutions. 

The spoi'es in a citric acid solution of pH 5.26 were killed in 65 
minutes at 100° C., at pH 4.69 in 40 minutes; at pH 4.31 in 20 to 25 
minutes, w^hile at pH 7 about 330 minutes was required. 

Bigelow® and Cathcart in studying the changes in hydrogen ion 
concentration occurring during the processing of many canned foods 
found that the pH value decreased slightly in most cases on account, 
they believed, of the coagulation of buffer substances and the for- 
mation of weak acids through decomposition of organic compounds 
by heat. In one experiment, however, that with beans in tomato sauce, 
there was an increase in pH value in the sauce which the authors state 
was 'Mue to diffusion of acid into the beans.’’ Undoubtedly, part of 
the change was due to this cause; but we believe, from our experi- 
ments with other products, that some of it may have been due to the 
buffer action of compounds leached from the beans during processing. 
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CHANGES IN HYDROGEN ION CONCENTRATION DURING CANNING 

Tlie foregoing review of the literature shows that a number of 
investigators in several laboratorievS have studied the eifeet of pH 
value on the death point of heat resistant organivsms, but that little 
has been published on the changes occurring in the pH value o£ 
acidified brines in canned vegetables during actual canning and steri- 
lizing operations. Unless the extent of these changes is known, it is 
impossible to specify’ what the hydrogen ion concentration of the 
acidified brine should be at the time of its addition to the product. 
Therefore, in our investigations, we gave as much attention to this 
phase of the problem as to tests on the effect of pH value on the death 
point of heat resistant spores. 

1. Procedure , — Various vegetables were prepared for canning in 
the usual manner and as described later. All of the brines used in the 
experiments, except those for corn, consisted of 2 per cent of salt 
in distilled water plus various concentrations of hydrochloric, citric, 
or acetic acids. The brine for corn contained 2 per cent of salt and 
5 per cent of sugar in addition to the added acid. 

The pH values of the solutions wdien prepared for use in the canning 
tests were carefully checked colorimetrieally by the Clark and Lubs^^ 
method against standardized buffer solutions of known pH values. 

In the first year s experiments number 2 cans were used, filled to 
the usual height with the same weight of vegetables. They were then 
filled with the biune, but this was not measured. In later experiments 
8-ounce cans were used. Weighed amounts of vegetables and 
measured amounts of brine were added. Eighty grams of sweet corn 
plus 125 e. c. of brine ; 120 grams of string beans plus 100 c. c. of 
brine ; 180 grams of spinach plus 25 e. c. of brine ; and 130 grams of 
asparagus plus 90 c. e. of brine were the ratios used. The later 
experiments, therefore, can be more easily duplicated. 

The filled cans were heated in live steam at 99° to 110° C. for 5 to 
8 minutes before sealing, the time varying with the size of container 
smd character of the product. 

Sanitary^' (open top) cans were used and were sealed with a 
hand roll, foot pressure, power driven double-seamer. Tests showed 
that the sealing operations were satisfactory. 

Processings^ in all investigations reported in this publication Tvas 
conducted with boiling water at approximately 100° C. Various time 
periods varying from one-half to two hours were used. 
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After exhausting and again after processing for the Yarioiis times, 
samples of the brines from the cans were taken, filtered, and their 
pH values determined colorimetrically. 

2. Belaiive Changes in pH Value during Exhausting and Process- 
mg , — Changes in pH value of acidified brines in cans of vegetables 
were greater during exhausting before sealing than during processing 
in the sealed cans. All acidified brines increased in pH value during 
exhausting and most brines increased during processing. 

Table 1 illustrates the relative changes that were observed in 
several experiments during exhausting and processing. The table 
presents only a small proportion of the data obtained. 


TABLE 1 

Typical pH Value Changes dltung Exhausting and Processing op Brines 
Acidified with Citric Acid 


Vegetable and pH value of its juice 

pH value of 
original bnne 

pH value of bnne 
after exhausting 
5-8 minutes 

pH value of bnne 
after 60 minutes 
processing at 100® C 

Sweet com, pH 6 8 

2 8 

3 6 

4.2 

Sweet com, pH 6 8 . . 

4 0 

5 6 

5.2 

String beans, pH 6 2, . 

2 8 

3 6 

38 

String beans, pH 6. 2 

4 0 

5 8 

5 4 

String beans, pH 6. 2 

6 0 

6 0 

0,4 

String beans, pH 6 2 . . 

7 0 

6 0 

5 3 

Spinach, pH 6 8. 

2.8 

i 3 0 

4.0 

Asparagus, pH 5 4 . 

2 8 

3 9 

4 0 

Asparagus, pH 5 4 

3 6 

! 4 6 

4 5 


Possibly in those acidified brines in which the pH value increased 
during exhausting but later decreased during processing, buffer sub- 
stances were precipitated or decomposed, or acids or acid salts were 
formed. Continued increase of pH value during processing was 
probably due to diffusion because it is probable that during exhausting 
most of the buffer effect occurred from compounds dissolved from the 
vegetables. 

3. Effect of Length of Processing on pE Value . — Several vege- 
tables were processed for 20, 40, 60, and 80 minutes in order to deter- 
mine the effect of the length of processing at 100° C* on pH changes 
in acidified brines. Some of the data are presented in table 2. 

After exhausting and the first 20 minutes of processing, changes 
in pH value were slight in most instances. 
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TABLE 2 

Effect op Length op Processing on Changes in pH Value of Brines 
Acidified %titd Citric Acid 



pH value 

pHv 

alue after processing at 100° C. 

Vegetable and pH value of its juice 

of onginal 
brine 

20 minutes 

40 minutes 

60 minutes 

80 minutes 

Sweet com, pH 6.8 

2 0 

29 

3 0 

3 2 

3 2 

Sweet com, pH 6 8 .... 

2 S 

4 0 

4 2 

4.2 

4.2 

Sweet com, pH 6 8 

4 0 

5 4 

5 2 

5 2 

5.2 

Sweet corn, pH 6.8 . . i 

(Xot acidified) 

1 7.0 

; i 

6 5 1 

i 

62 

6.2 

6.1 

String bean.s, pH 6 2 ... i 

2 0 1 

3 2 

3 2 

3 2 

I 3 0 

String beans, pH 6 2. ; 

4 0 1 

5 4 

5. 4 

5.4 

i 5.4 

Asparagus, pH 5.4 (1924) 

2 0 ' 

3.6 ! 

1 3. 5 

3 2 

3 1 

Asparagus, pH 5. 4 

3 6 

4.4 

4 4 

4 5 

4 6 


TABLE 3 

Changes in pH Value of Acidified Brines during Processing as Affected 

BY Type op Acid 


Vegetable 

Acid used 

Original pH value 
of bnne 

pH value of brine 
after 1 hour at 
100° C 

Asparagus (1923) 

None . .. . 

7 0 

5.6 

Asparagus 

Hydrochloric 

2 6 

5.4 

Asparagus . . 

Citric 

2 6 

5.1 

Asparagus “ 

Acetic 

2 6 

4 6 

Asparagus “ 

Hycirochloric . . 

3.6 

5.6 

Asparagus “ 

Citric . ... 

3.6 

5. 6 

Asparagus 

Acetic 

3 6 

5.4 

Sweet corn 

None 

7.0 

6.2 

Sweet com ... 

Hydrochloric ... 

2.0 

5 0 

Sweet com 

Citric 

2 0 

3.2 

Sweet com . . 

Hydrochloric . . 

4 0 

5 6 

Sweet corn. 

Citric 

4 0 

5.2 

String beans 

None 

7.0 

5 4 

String beans 

Hydrochloric 

2.0 

4 8 

String beans 

j Citric 

2.0 

3.2 

String beans ... 

Hydrochloric 

2 8 

4.4 

String beans 

Citric 

2.8 

3 8 

String beans 

Hydrochloric .... 

4 0 

5.4 

String beans ! 

Citric 

4.0 1 

5.4 

Peas, green 

Hydrochloric .. 

2.6 

5 8 

Peas, green 

Citric ! 

2.6 

5.4 

Peas, green . 

Acetic 

2.6 

4.8 

Peas, green 

Hydrochloric 

3.0 

6.0 

Peas, green 

Citric 

3 0 

5.7 

Peas, green 

Acetic 

3.0 

5.4 
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4. Comparison of Different Acids . — A considerable niunber of 
experiments were made to determine tlie relative changes in pH value 
occurring in brines acidified with hydrochloric, citric, and acetic acids, 
respectively. In table 3 some of the data obtained are presented. 

In brines of relatively lo-w original pH value, acetic acid gave pH 
values after processing that were lower than those acidified with citric 
acid, and citric acid in turn lower than hydrochloric acid. These 
observed differences are very probably due to the differences in degrees 
of ionization of the different acids. 



Fig. 1. Cliaiiges in pH value of acidified brines during processing 

at 100° C. 

For practical purposes, citric is to be preferred to acetic acid 
because it does not affect the flavor so noticeably. 

Three per cent of lemon juice added to brine gave a pH value of 
2.9 before processing and a pH on carrots after processing of 5.0. 
For a 5 per cent addition of lemon juice, the figures were 2.7 and 
4.8, respectively. A brine acidified to pH 3.0 with citric acid increased 
to 5.2 during processing' on carrots. Apparently the change during 
processing is about equal with brines of equal original pH value 
whether citric acid or lemon juice is used. 

5. Comparison of Different YegetaMes .' — Typical changes in pH 
value in brines on asparagus, corn, string beans, and spinach are 
shown in tables 3 and 4 and figure 1. There was some variation in pH 
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changes in diferent lots of the same vegetable, probably occasioned 
by differences in their chemical composition; e.g., see asparagus in 
tables 4 and 5. I'sually this variation did not exceed .2 pH. 


TABLE 4 

Relative Effect op Lipferext Teget*vbles ox Chaxges ix pPI Value op Brines 
Acidified vtith Citric Acid (See also table 3.) 


V egetable 

1 

{ pH value of 

! original brine 

pH value of bnne 
after processing 

1 hour at 100° C 

Ratio of vegetable 
to brine 

Carrots 

1 3 0 

5.2 

2 : 1 approx. 

Carrots . , 

: 3 8 

5 4 

2 : 1 appro-x 

Carrots 

i4 

5.4 

2 : 1 approx. 

Cari’ots 

4.S 

5 4 

2 ; 1 appro.x. 

Carrots (check) 

7 0 

5 4 

2 ; 1 approx. 

Peas (green) 

3 0 

5 7 

2 ; 1 approx. 

Peas (green) 

3 6 

6 0 

2 : 1 approx. 

Peas (check) , . 

7 0 

6 0 

2 : 1 approx. 

Artichokes 

2 6 

4 6 

1 : 1 approx. 

Artichokes 

3 0 

4 8 

1 : 1 approx. 

Artichokes ... 

3 6 

5 3 

1 : 1 approx. 

Artichokes (check) . . 

7.0 

5 3 

1 : 1 approx. 

Sweet com 

2 0 

3.2 

0 64 : 1 

Sweet com 

2 8 

4.2 

0 64 : 1 

Sweet com . ! 

4 0 

! 5.6 

0 64 : 1 

Sweet com 

7 0 

6 2 

0 64 : 1 

String beans 

2 0 

3 2 

1.2 : 1 

String beans .... 

4 0 

5 2 

12:1 

String beans 

6 0 

5.4 

12:1 

String beans (check) . 

7 0 

5 4 

12:1 

Spinach 

2 8 

4 0 

7 : 1 

Spinach 

3.4 

4.2 

7 : 1 

Spinach 

3.8 

4.4 

7 : 1 

Spinach . . 

7 0 

5 6 

7 : 1 

Asparagus 

2 0 

3 2 

1.4 : 1 

Asparagus 

2 8 

4 0 

1.4: 1 

Asparagus 

3.6 

4.5 

1.4 : 1 

Asparagus . 

5.0 

5 4 

1.4: 1 

Asparagus 

7 0 

5 4 

1.4 : 1 


Evidently peas possess a higher concentration of buffer substances 
than do the other vegetables. It would appear that the other vege- 
tables named in the table exert about an equal effect on the pH value 
of acidified brines, at least on brines of low to moderate pH value. 
At high pH values differences are more pronounced. 
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EFFECT OF pH YALFE ON THE DEATH POINT OF EESISTANT 
BACTERIAL SPORES 

Experiments were conducted with three heat resistant organisms, 
B. sporogenes, B. botuliniis^ and a thermophile and with six varieties 
of vegetables, asparagus, artichokes, sw’eet corn, peas, spinach, and 
string beans in order to obtain information on the eifect of pH value 
on the death points of these organisms under practical canning 
conditions. 

1. Procedure. — In the preliminary experiments in 1917 and 1918 
brain medium cultures of four strains of B. botiih'nus from Dr. I. C. 
Hall of the Bacteriology Department, University of California, were 
mixed and used for inoculation of canned peas, corn, and string beans. 
Each culture contained abundant spores, but their heat resistance by 
test tube tests was not determined. 

In the 1923-24 experiments, 4-day old cultures of a heat resistant 
strain of B. sporogenes, grown at 37"^ C, were used; and 3-day old 
cultures in the 1924-25 experiments. The cultures were diluted 1 :3 
with sterile water and 1 c. c. of the diluted culture used to inoculate 
each 8-ounee can of vegetable. 

A resistant strain of a thermophile wms obtained from Dr. J. R. 
Esty of the National Canners^ Research Laboratory, Washington, 
D. C., through the courtesy of Dr. K, F. Meyer. It was grown at 
55° C., on nutrient agar slants and the organisms were washed from 
the agar Yuth sterile water to give a rich suspension of spores. 
One e. c. of the suspension was used for each 8-ounce can of vegetable. 

A limited number of tests were made also with a suspension of 
resistant B. hof^ilmiis spores furnished by Dr. K. F. Meyer. This 
suspension in our experiments was diluted 1 :5, and 1 c. e. of the 
diluted suspension was used for inoculation of each 8-ounce can. 

In a special meat medium of approximately pH 7, the B, sporo- 
genes spores used in the 1923-24 experiments survived 180 minutes at 
100° C., but were killed in 195 minutes. In 2 per cent glucose broth 
of pH 7 they survived 165 minutes at 100° C., but were killed in 180 
minutes. 

The B. sporogenes spores used in the 1924-25 experiments were 
killed in 165 minutes in the meat medium and in 135 minutes in the 
glucose broth at 100° C. 

The thermophile spores were killed in from 315 to 350 minutes in 
glucose broth of pH 7 — the resistance varying somewhat with the 
cultures used. The B. hofulinus spores survived 275 minutes but were 
killed in 300 minutes at 100° C., in glucose broth of pH 7. 
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As a further check on the heat resistance in non-aeidified media, 
inoculated but non-aeidified samples of the canned vegetables were 
prepared in each experiment. In order to enable us to interpret our 
results on heat resistance more intelligently the rates of heat pene- 
tration in 8-ounce cans of experimentally packed string beans, corn, 
asparagus, spinach, and commercially canned creamed corn at 100"^ C., 
were measured by means of thermocouples.''^ Figure 2 gives the 
results of these measurements. 



Pig. 2. Heat penetration in S-oiinee cans of string beans, corn, asparagus, 
commercially canned corn, and spinaeli. 


Heat penetration in spinach was extremely slow, about 40 minutes 
at 100° C. being necessary for the center of the can to reach 99° C. 
The other vegetables tested reached the temperature of the bath very 
quickly. 

2. Effect of Acidified Brines on Heat Resistance of B. sporogenes . — 
The data can be most conveniently considered according to the variety 
of vegetable used. 

(a) Asparagus: Tests with this vegetable were made during both 
the 1923-24 and the 1924-25 seasons. The data are given in table 5. 
Three cans were used for each concentration in the 1923-24 experi- 
ments and four cans for each in the 1924-25 experiments. 

* These tests -were made in cooperation mth J. PareelL 
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The asparagus ^as cut to fit the cans, washed and then blanched 
5 minutes in boiling water. It was not graded for size. The spores 
were added before the can u as sealed and before exliautsing. The cans 
were then filled with brines of the desired pH values, exhausted 5 
minutes in live steam and sealed immediately. They were put at once 
into boiling water and heated for the length of time shown in table 5. 
Number 2 cans were used in the 1923-24 season and 8-ounce cans in 
the 1924-25 season. 

The cans were chilled completed to room temperature in cold water 
after removal from the processing vessel and then incubated at 37^ C. 
for 3 months in the 1923-24 experiments and about 2^4 months in the 
1924-25 experiments. Spoiling was evidenced by swelling of the cans, 
but was confirmed by examination of the contents of the cans and by 
making transfei's to nutrient media. 

The data of the two seasons agree in indicating that for brines of 
equivalent pH value, acetic acid is somewhat more effective than citric 
in lowering the heat resistance of B, sporogenes. The ratio of volume 
of brine to weight of asparagus w’as greater in the 1924-25 tests, 
which explains the smaller changes in pH values and lower indicated 
heat resistance in the 1924-25 tests. The 1923-24 ratio, however, more 
nearly represents commercial practice. 

In a can tightly packed with asparagus, apparently an original 
pH of 2.6 or less is necessary to insure destruction of the B, sporogenes 
spores used in 2 hours at 100° C. 

When the pH values after processing are compared there is found 
a closer correlation between the results of the two seasons’ experi- 
ments. Apparently the critical pH value if determined after process- 
ing is about pH 4.6, as the organism failed to grow after 1 hour’s pro- 
cessing at 100° C. in both seasons’ tests, when the final pH value was 
4.6 or less. 

(5) Artichokes: Artichokes inoculated with B. sporogenes^ canned 
in plain brine of pH 7 and processed 1 hour at 100° C. spoiled. Those 
canned in citric acid brines of pH 2.6, 3.0, and 3.6 and processed 
1 hour at 100° C. did not spoil. The final pH values were 4.6, 4.8, 
and 5.3, respectively. 

(c) String Beans: Growth of B. sporogenes failed to occur in string 
beans after 1 hour’s heating at 100° C., in the 1923-24 experiments, 
even in non-aeidified brine, althongh the pH value of the non-aeidified 
brine after processing was 5.4. In the 1924-25 experiments, therefore, 
the processing periods were shortened to % and 1 hour respectively. 
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TABLE 5 

Effect of pH AL\.lite of Brixe ox Caxxed Aspakagus ox Heat Kesistaxte of 

B. sporo genes 


1923-24 SEASON 


Acid 

: 

pH value of 
onginal brine 

pH value of 
brine after 
processing 

Period of pro- 
cessing at 100° 
C in hours 

Per cent of 
cans spoiled 

Hydrochloric . j 

2 6 

5 4 

1 

0 

Hydrochloric ^ 

2 6 

5 4 

2 

33 

Citric 1 

2 6 

5 1 

1 

33 

Citric 

2 6 

0. 1 

2 

0 

Acetic 

2 6 

4 6 

1 

0 

Acetic . 

2 6 

4 6 

2 

0 

Hydrochloric. ' 

3 0 

5 5 

1 

100 

Hydrochloric 1 

3 0 

5 5 

2 

33 

Citric - . . 

3 0 

5.4 

1 

66 

Citric 

3 0 

5 4 

2 

0 

Acetic 

3 0 

5 2 

1 

33 

Acetic 

3.0 

5 2 

2 

0 

Hydrochloric 

3 6 

0 6 

1 

100 

Hydrochloric 

3 6 

5 6 

2 

100 

Citric , , . . . 

3.6 

5 6 

1 

100 

Citric 

3 6 

5 6 

2 

66 

Acetic ... 

3 6 

5.4 

1 

0 

Acetic . . ... 

3 6 

5 4 

2 

0 

Hone (check) 

7 0 

5 6 

2 

100 

1924-25 SEASON 

Citric . 

2 0 

3 1 


0 

Citric. 

2.0 

3 1 

1 

0 

Citric ... 

2 4 

3 4 

V2 

0 

Citric . 

2 4 

3 4 

1 

0 

Citric 

2.8 

4 0 

Vz 

0 

Citric .... 

2 8 

4 0 

1 

0 

Citric 

3.6 

4 6 

34 

25 

Citric ... 

3 6 

4 6 

1 

0 

Acetic 

3 6 

4 6 

34 

0 

Acetic 

3 6 

4 6 

1 

0 

Citric . 

4.5 

5 2 

34 

50 

Citric 

4.5 

5 2 

1 

25 

Acetic 

4.5 

5 2 

>4 

25 

Acetic 

4.5 

5.2 

1 

25 

Citric . 

5.0 

5 3 

34 

50 

Citric 

5.0 

5.3 

I 

50 

Acetic 

5.0 

5.3 

34 

25 

Acetic 

5.0 

5.3 

1 

0 

None 

7.0 

5 4 

34 

m 

None - 

7.0 

5.4 

1 

75 
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Citric acid only was used for acidifying the brines. Spoiling did 
not occur even after boiling for only 14 an hour when the original pH 
was 3.2 or less and the final pH 4.8 or less. "When brines of original 
pH 3.6, 4.0, and 4.5 were used, spoiling occurred after boiling for 
^ 2 an hour but not after 1 hour. At pH 5.0 or above spoiling occurred 
in ail cases. 

Evidently some factor other than pH value affects the heat resist- 
ance of B. sporogenes in string beans, because the spores were more 
quicldy killed in string beans than in asparagus in brines which were 
of the same pH value after processing. Nevertheless the critical pH 
value — between 4.8 and 5 0 — was not greatly different from that found 
for asparagus. 

{cl) SiTeef Corn: Fresh sweet corn on the cob was purchased in 
the local wholesale market, husked, cut from the cob, canned in 8- 
ounce cans, inoculated as previously described and brines of various 
pH values were added. The brines in one series w’ere acidified with 
hydrochloric and in another with citric acid. The amount of brine 
used was greater than in commercial practice in order to obtain rapid 
heat penetration (see figure 2). 

Spoiling did not occur in cans to which citric acid brines of pH 3.2 
or lower were added, whether boiled 1 or 2 hours. AYhen brines of 
pH 3.6 or higher were used spoiling occurred in ail cases after boiling 
for either 1 or 2 hours except at pH 3.6, heated for 2 houi’s. The 
pH values after processing were 5.0 and 5.4, respectively. 

With hj^drochloric acid brines, the results were similar. The 
critical pH value of the brine after processing appeared to be about 
pH 5.0 to 5.2, somewhat higher than with asparagus and string beans. 

(e) Peas (1923-24 season) : The peas were prepared for canning 
as in regular cannery practice by shelling and blanching in water. 
They were placed in number 2 cans and each can was inoculated with 
10 c. c. of a suspension of a 4-day old spore culture of B, sporogenes — a 
heavier inoculation than was used for corn, string beans or spinach. 
Brines of three pH values and acidified with acetic, citric, and hydro- 
chloric acids, respectively, were used (see table 6). 

The critical pH value after processing w^'as, for peas with a 1% hour 
processing period at 100° C., about 5.4 with both citric and acetic 
acids. This corresponded to an original pH value of 3.0 for acetic 
acid and 2.6 for citric acid. The increase in pH value was greater 
with peas than with the other vegetables. 

As in other experiments the critical pH value is affected by the 
length of processing. 
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(/) Spinach: Spinach from the local wholesale market was 
trimmed, washed, blanched five minutes and canned in 8-ounce cans, 
180 grams per can. It was inoculated with 1 c. c. of a suspension of 
a 3-day old sporogenes spore culture and 25 c. c. of brine was added 
per can. In one series citric and in another acetic acid was used 
(see table 7 ) . 

TABLE 6 

Effect of Acimfied Brixes ox Heat Eesistaxce op 5. sporogenes ix Caxxed 
Peas. (1923-24 Season) 


Acid 

pH value of 
original brine 

pH value of 
brine after 
processing 

Period of 
processing 
in hours 

Per cent of 
cans spoiled 

Hydrochloric 

2 6 

5 S 

1 

100 

H 3 "drochloric. 

2 6 

5 8 

IK 

100 

Citric 

2.6 

5 4 

1 

0 

Citric 

2.6 

5.4 

iH 

0 

Acetic . . 

2.6 

4 8 

1 

0 

Acetic 

2 6 

4 S 

IK 

0 

Hydrochloric 

3 0 

6.0 

1 

100 

Hj’drochloric 

3 0 

6 0 

IK 

100 

Citric , . 

3.0 

5 7 

1 

100 

Citric. 

30 1 

5 7 

IK 

j 100 

Acetic ; 

3 0 j 

5.4 

1 

. 33 

Acetic.. . .... 

3.0 i 

5 4 

IK 

! 0 

Hydrochloric 

3 6 

6.0 

1 

100 

Hydrochloric 

3 6 

6 0 

IK 

100 

Citric .... 

3 6 

6 0 

1 

100 

Citric 

3 6 

6 0 

IK 

100 

Acetic. 

3 6 

5 6 

1 

100 

Acetic .... 

3.6 

5.6 

IK i 

66 

None (check) ... 

7.0 

6.0 

IK 

100 


The results with acetic acid were virtually the same as with citric 
acid. 

Heat penetration is slow in spinach, a condition that may account 
for some of the spoiling of samples of relatively low pH value. Thus 
spoiling occurred at pH 4.2 (referring to brine after processing). 
However, even allowing for heat penetration, decreased pH value of 
the brine was less effective in spinach than in the other vegetables 
studied. Probably the leaves matted together in the can and pre- 
vented penetration of the acid to all the spores. 

Because of this latter possibility another experiment was made. 
Spinach was blanched in brine acidified with citric acid in one ease 
and with acetic in another and was canned in brines of pH 2.0 
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to 6.0. The canned samples were inoculated heavily and processed 
1 and 2 hours at 100° C. Spoiling did not occur in any sample. This 
experiment suggests a method of applying acidified brines in spinach 
canning commercially. 

3. Effect of Acidified Brines on Heat Resistance of Spores of a 
Thermophile , — The spores of this organism withstood 315 minutes at 
100^ C. in glucose bouillon in a control test, but were killed in 350 
minutes. 

TABLE 7 

Effect op Citric Acid Brixes ox the Heat Resistance of B. spowgenes 
Spores in Gaxxed Spinach 


pH value of origiual I 

brine 1 

1 

j pH value of brine 
after processing 

1 

Period of processing at j 
100“ C in hours 

: Per cent of cans 

spoiled 

1 8 

3 2 

1 

1 0 

1 8 

3 2 

2 

' 0 

2 2 

4 0 

1 

* 0 

2 2 

40 

> 2 

0 

2 S 

4 2 ; 

1 

25 

2 8 

4.2 

2 

0 

S 4 

4 2 

1 

100 

3 4 

4 2 

2 

75 

4 0 

4 6 

1 1 

, 100 

4 0 

4 6 

' 2 

; 100 

5 0 

4 8 

! 1 

100 

5 0 

4 8 

2 

100 

7.0 

5 6 

1 

lOO 

7.0 

5.6 

2 ■ 

j 

100 


Fresh corn was prepared and canned as describeed for the B. 
sporogenes experiments. Brines acidified with hydrochloric and with 
citric acids were added. The cans were processed at 100° C. for 1, 3, 
and 5 hours. Since the pH changes during processing have been given 
elsewhere the detailed data from this experiment will not be presented. 

Where the pH value of the brine acidified with citric acid was 
greater than or equal to 5.4 after processing, spoiling occurred even 
after 5 hours boiling. At pH 5.2 and less, spoiling did not occur. 
With hydrochloric acid, spoiling occurred at pH 5.5 but not at 5.4, 
indicating that hydrochloric acid may be more toxic than citric. 

One striking observation was that processing for 1 hour was as 
effective as 5 hours, when the critical pH value was reached. 

4. Effect of Acidified Brines on Heat Resistance of Spores of B. 
iotulinus . — The experiments with B, boiuUnus have not been so 
extensive as with B, sporogenes. However, enough was done to eon- 
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firm in general the results reported by Meyer, Esty, "Weiss, Dickson, 
and others (see review of literature). 

Preliminary esperimeuts were made in 1917 and 1918 in order to 
compare the cold-pack-one-period” and the '‘lemon juice” methods 
of home canning. Four strains of B. hotulinus growing in brain 
medium were mixed, shaken violently with sterile water, and centri- 
fuged. Shaking wdth sterile water and centrifuging were repeated 
twice in order to remove some of the toxin and to break up the clumps 
of medium. Spores were numerous in all four cultures. 

For some of the tests commercially canned vegetables were used; 
for others, the fresh vegetables. The canned and glass packed samples 
were inoculated heavily with the mixed spore suspension; heated at 
100° C. for one hour, except check samples, and then incubated for 
21'2 months. Cheek samples were inoculated but not heated. Their 
appearance and odor were then detei*mined and 1 c. c. of the liquor, 
obtained by crushing the vegetables with the brine and straining the 
resulting “puree,” was used for subcutaneous injection of guinea 
pigs.=^ 

No growth or toxin formation occurred in string beans either 
acidified or non-acidified and whether heated or not. 

Heavy growth, gas production and toxin formation occurred in 
peas when unheated; when not acidified and heated 1 hour at 100° C. 
and when canned in brine containing 4 per cent lemon juice but not 
heated. No growth or toxin* production occurred when they were 
canned in brine acidified wdth 4 per cent lemon juice and heated for 
1 hour at 100° C. 

Corn heavily inoculated with the spores and heated 1% hours at 
100° C., with brine containing 6 per cent lemon juice did not spoil 
and w'as not toxic. 

Since peas were found to be an excellent medmm for growth of 
B, hoinlimis, another experiment was made for direct comparison of 
the “one-period-eoid-paek” and the “lemon juice” methods of home 
canning. Canned peas were re-canned, hea^fily inoculated and treated 
as follows : 

a, no acid and not heated; h, brine containing 6 per cent lemon 
juice but not heated ; c, same as a but placed in water in wash boiler 
and brought to boiling for 3 hours ; d, same as i but heated at boiling 
point 1 hour; e, same as d but quart mason jars used instead of cans. 
The cans and jars were incubated for 1 year at 37° C. 

* The guinea pig inoculatioiis were made by Br. T. Traam of the University 
of California, Veterinary Science Division. 
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All cans in lots a, h, and c spoiled and developed the eharaeteristie 
B. 'botuliuus odor. Lots d and e did not spoil. Ten cans or jars ivere 
used for each test. 

This test indicates that the ‘demon juice” method is much safer 
than the ‘‘cold-pack-one-period” method of home canning, even ivhen 
only 1 hour at 100^ 0. is used in the former and 3 hours at 100^ C. 
in the latter. 

AVe realize that the spores used were not so resistant to heat as 
some spore cultures later developed by Meyer, Dickson, Esty, Burke, 
and others. Nevertheless a survival of 3 hours at 100^ C. is an 
e 5 ’idence of marked resistance to heat. 

A spore suspension of B. lyotidiniis from Dr. K. F. Meyer was used 
recenth" for a series of tests with asparagus and spinach. These 
spores, according to Dr. Meyer, were able to survive 300 minutes at 
100° C., in a medium cf pH 7 — when at their maximum resistance. 
Their maximum resistance at pH 7 in glucose broth as determined in 
our laboratory at the time of our experiments was 275 minutes. How- 
ever, the incubation period cf the heated tubes was not long enough 
to permit the delayed germination of a few spores that may have 
survived 275 minutes. 

Brines of pH 2.0, 2.1, 2.8, 3.6, 4.5, 5.0, 6.0, and 7.0 were used for 
the asparagus and brines of pH 2.2, 2.8, 3.4, 4.0, 5.0, and 7.0 for the 
spinach. One set of brines acidified with citric acid and one with 
acetic acid was used with each vegetable. 

At each pH value four cans were heated at 100° C., for 1 hour, 
four for 2 hours, and four for 3 hours. 

The asparagus developed H^iealB. hotidirnis spoiling after 1 hour 
of processing but not after 2 or 3 hours w'hen the pH value after 
processing had dropped to 4. The same results \vere obtained with 
spinach. However, the period of incubation has been less than three 
months — further incubation may change the results. 

In order to produce a pH of 4 or less after processing it was neces- 
sary to add to the asparagus at the time of canning a brine acidified 
with citric or acetic acids to pH 2.8 or less and to the spinach a brine 
of pH 2.2 or less or to blanch the spinach in acidified water before 
canning. 

The percentage of cans spoiling was irregular. Similar results 
were observed in the other three experiments with asparagus and 
spinach. 

While the experiments with B. hofuUnus were not so extensive as 
those with B. sporogenes, nevertheless they show that 5. hotuUnus is 
much less resistant to heat in cans of vegetables containing acidified 
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brines with a final pH value after processing of 4.0 or less than in 
non-acidified brines under the same conditions. Apparently the 
critical pH value for B, botidiniis is lower than for B. spo7'ogenes or 
the thermophile used in these investigations, 

SUMMARY AND CONCLUSIONS 

1. Brines of relatively low original pH value increased in pH value 
during exhausting by heat and during processing by heat for moderate 
lengths of time. This inerease was much greater than could be 
accounted for by diifusion and we are forced to conclude, therefore, 
that it was caused principally by the action of buffer substances 
dissolved from the vegetables. 

2. The change was greater during exhausting than during sub- 
sequent processing. 

3. Brines of high initial pH value decreased in pH value, possibly 
because of formation of weak organic acids such as CO., H 2 S, etc., 
and by precipitation of buffer substances. 

Brines of low pH value increased in pH value to a maximum 
during the first part of the heating process ; then on further heating 
decreased in pH value, perhaps for the reasons just given. 

4. The increase in pH value of acidified brines in canned vege- 
tables was less in brines acidified with citric and acetic acids than in 
those acidified with hydrochloric acid, because of difference in buffer 
effects with these acids. 

5. The change in pH during heating was greatest with peas and 
least with artichokes. 

6. The effect of the pH value of the brine on the heat resistance of 
the spores of B. sporogenes and B, botnlinus and a heat resistant 
thermophile was very pronounced. 

7. The pH value during the heating period, practically equivalent 
to that found after heating, was found to be more significant in 
relation to the effect on the heat resistance of spores than was the 
initial pH value of the brine because the initial pH value changes 
greatly during heating. 

8. Spinach canned with a small amount of acidified brine (ratio 
of vegetable to brine 7 :1) exhibited irregularities with respect to 
effect of pH value on heat resistance of B, sporogenes; probably 
because the brine failed to reach all parts of the rather tightly packed 
mass of leaves. However, preliminary blanching of the spinach in 
acid brine of pH 3 made it possible to easily sterilize it at 100° C., 
even when heavily inoculated with B. sporogenes spores. 
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9. The results of these investigations cannot be applied directly to 
commercial canning operations until large scale experiments under 
factory conditions are made. Nevertheless they show that brines 
acidified with a small amount of citric or acetic acid greatly reduce 
the heat resistance of the spores of heat resistant bacteria and that if 
the decrease in pH value during heating is taken into account, it is 
possible to sterilize canned vegetables much more easily in acidified 
brines than in non-acidified biunes. 
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FACTORS GOVERNING THE INITIATION OF 
SPROUT GROWTH IN CITRUS SHOOTS* 

BY 

F. F. HALMAt 


I. INTEODUCTION 

It is a well known fact that in many plants the removal of a 
portion of a vertical shoot results in the outgrowth of buds which 
otherwise would have remained dormant. This outgrowth also occurs 
when a vertical stem is changed to a horizontal position. This 
phenomenon is generally termed regeneration or reconstitution. The 
term regeneration is applied in this paper to the outgrowth of buds 
when this results either from the removal of a part or from the 
change of position of a stem. 

In most eases this outgrowth on vertical shoots is confined to the 
buds in the uppermost region, the length of the sprouts declining 
steadily as the distance from the apex increases. In horizontal shoots 
the outgrowth is confined to the dorsal side, the buds on the ventral 
side remaining dormant. This dominance or subordination is com- 
monly referred to as physiological correlation or simply correlation. 

* Paper No. 139 from the University of California, Graduate School of Tropi- 
cal Agriculture and Citrus Experiment Station, Riverside, California. 

Abridged from a thesis submitted in partial fulfillment of requirements for 
the degree of Doctor of Philosophy, University of California, August, 1925. 

t The investigation upon which, this paper is based was conducted under the 
direction of Doctor H. S. Reed, to whom the writer is indebted for valuable advice 
and suggestions. Thanks are also due to Doctors H. S, Fawcett, A. R. C. Haas, 
and R. M, Holman for helpful suggestions in the preparation of the mannseript. 
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With, many plants, when an isolated piece of stem is placed under 
favorable conditions, sprouts will grow from the apical and roots 
from the basal end. This type of response is supposed to be due to 
polarity of the stem. 

The investigations here reported deal with regeneration of vertical 
and horizontal Eureka lemon (Citrus Liniania Osbeck) shoots and 
Chinese lemon (Citrus Medica var.) cuttings. Both species are ever- 
greens and their gro^vth habits are similar. The tendency of young 
trees, or of old trees which have been pruned severely, is to produce 
long, succulent, vertical shoots. So long as the tip grows vigorously 
these shoots remain unbranched but when, toward the end of the 
growing season, the rate of grovdh decreases, laterals appear near 
the apex. If a shoot is bent permanently into a horizontal position, 
laterals are produced along the dorsal side. The shoots of both 
species exhibit very strikingly the phenomenon of polarity in regen- 
eration, hence this material was used for the purpose of studying the 
factors involved. 


II. THEORIES OF REGENERATION 

Before proceeding with an account of these investigations it may 
be profitable to outline the outstanding hypotheses which have been 
advanced to explain the phenomena mentioned above. Vochting-*^ 
concluded from his extensive studies that polarity in vegetative 
shoots is primarily due to unknown internal influences. External 
factors like gravity, light and moisture may modify polarity to a 
limited extent but the internal influences persist from generation to 
generation. 

Sachs-- explained polarity by postulating the existence in stems 
of shoot-forming substances that migrate upwards and root-forming 
substances that migrate downwards. 

Loeb^^ explained the results of his earlier experiments with 
Bryaphyllum calycinum in the sense of Sachs ^ theory, namely that 
the ‘‘flow of (specific?) substances in the plant determines when and 
where dormant buds or anlagen shall begin to grow.^' 

Prom later studies/^ however, Loeb concluded that there is an 
inhibitoi^ substance produced at the stem apex which flows in the 
direction of the basal buds, and he believed that the reason the 
uppermost bud grows out first when the stem is eut from the mother 
plant is that this bud is first freed from inhibitory substances. 
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Subsequently Loeb practically renounced tbe hypothesis of an 
inhibitory substance and coneluded^^ on the basis of other experi- 
ments with Bryophyllum that '‘a simple mass relation can be used 
as a guide through the bewildering ma^e of the phenomenon of 
regeneration/^ This' mass relation is that equal masses of isolated 
tissue of the same type exposed to the same external factors produce 
about equal masses of regenerated roots and shoots in equal length 
of time. The inhibiting action of one part of a tissue upon another 
he explained by stating that the sap starts to flow to the group of 
bud anlagen which begin to grow first and that the other part of 
the tissue remains dormant because of the continuous flow of sap to 
the growing part. Loeb mentioned two possible explanations of 
polarity, first, that there might be a chemical difference between 
ascending and descending sap which determines the nature of growth 
and, second, that the anlagen reached by the ascending and descend- 
ing sap are primarily different. He considers the second alternative 
the most plausible since he was able to get regeneration of roots 
with both ascending and descending saps. 

GoebeF explained that the reason why regeneration takes place 
when a stem is cut is that the nutritive materials accumulate below 
the cut. 

Curtis® suggested that ^'inhibition of shoot growth at nodes below 
the terminal one may be due to a lack of sufficient food and to inabil- 
ity to compete successfully for w'ater rather than to a backward flow 
of some inhibitor. In a previous paper^ he reported results with 
sucrose solutions which he cites as an example of reversal of polarity. 
On the basis of unpublished results he claims to have found other 
substances which are even more efficient than sucrose in the reversal 
of polarity. 

Robertson-^ believes that the growth-influencing substance con- 
cerned in regeneration is the nuclear autoeataiyst, which is formed 
. in the cell nucleus and escapes into the pericellular fluid during 
mitosis. In any given ceU, division is regulated by the relative 
volumes of nucleus and e3d:oplasm or by what he terms the nuclear- 
cytoplasmic ratio. Every cell then contains endogenous autoeataiyst 
which is retained within the nucleus and exogenous autoeataiyst 
which has escaped into the perieellnlar fluid. He shows mathe- 
matically that if the exogenous supply is large, then the endogenous 
supply is small and vice versa. Hence if the supply of exogenous 
autoeataiyst is large, only a small supply of endogenous autoeataiyst 
can be produced before equilibrium is imposed upon the reaction of 
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mielear synthesis, and if this does not lead to cell division then no 
further multiplication of this type of tissue is possible. But if the 
supply of exogenous autocatalyst is small, then the endogenous auto- 
catalyst can escape into the pericellular fluid and renewed synthesis 
of nuclear material becomes possible. 

It will be seen that Robertson supports the general theory held 
by Sachs, Goebel, Loeb, etc., that polarity is brought about by the 
transportation of actual substances. His own theory, however, is 
more specific than those advanced by others like Sachs and Loeb, 
for he actually ascribes the role of inhibitor and accelerator to one 
and the same substance, the nuclear autocatalyst. 

Child^ believes that the theory of formative stuffs or transpor- 
tative correlation has little real explanatory value. He does not 
deny the existence of transportative correlation but he maintains 
that it cannot exist until the different systems are present,* for 
example, the flow in opposite direction of shoot and root-forming 
substances as postulated by Sachs cannot occur autonomously but 
becomes possible only when regional differences of some sort are 
present which determine the flow. Child assumes that dominance is 
effected by the transmission of energy-changes or excitation, rather 
than by the transportation of chemical substances. This assumption 
is based on his theory which will now be considered. 

In all organisms there are gradations in the intensity of meta- 
bolic processes which determine the fundamental outlines of axial 
symmetry and structural differentiation. Centers of high metabolism 
like the head of a planarian worm or the apex of a stem tend to 
dominate or control centers of low metabolism. Dominance then 
depends primarily upon the rate of metabolism and seems to operate 
by impulses, excitations, or changes tx'ansmitted in various ways from 
the dominant region to other parts. Although the primary difference 
between dominant and other levels of the gradient is purely quanti- 
tative, yet quantitative changes may, sooner or later, bring about 
differences in constitution and character of the protoplasmic sub- 
stratum. Each level of the gradient develops a characteristic proto- 
plasm and the character of the protoplasm in turn alters or modifies 
the characters of the reaction. In this way, different specific sub- 
stances may be produced at different levels of the gradient and 
chemical transportative correlation then becomes possible. Gradients 
may be reversed or obliterated or new gradients established by 
environmental agencies which change the metabolic rate in different 
parts of the organism, but the gradient once established, persists 
through asexual and perhaps also through sexual reproduction. 
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In an earlier publication- Child discussed the relation of domi- 
nance and subordination between different parts of the root system. 
The results of certain experiments with roots obtained by Goebel 
and McCallum indicate to him that ‘‘not only does a relation of 
dominance and subordination exist between the different parts of a 
root system, but that the root system as a whole dominates the stem 
to a certain extent, so far as the production of roots is concerned. 
If this dominance and the dominance of the stem-tip both result from 
metabolic gradients, then there must be in plants possessing roots 
two metabolic gradients in opposite directions, the apical region of 
one being in the stem-tip or tips, that of the other in the root-tip or 
tips.’’ This is impossible unless the two gradients have different 
paths of transmission or are of different metabolic character. Child 
therefore conceived the possibility that the inhibiting influence of 
the roots upon the stem may be a transportative rather than a trans- 
missive correlation and that it becomes ineffective when this trans- 
portation decreases to a certain minimum or when the two parts are 
separated. But the apparent dominance of the root system over the 
aerial part of the plant with respect to root formation is a secondary 
relation and hence, according to Child, is dependent upon the primary 
relation which is transmissive in character. 


III. APICAL DOMINANCE IN YEETICAL SHOOTS AND 

CUTTINGS 

A vigorous vertical lemon shoot generally remains unbranched 
during the entire growing season. If laterals are produced they are 
mostly confined to the apical region. When such a shoot is cut back 
to the mature wood, laterals will appear only from buds close to or 
immediately^ below the apex of the remaining portion. The number 
of sprouts produced depends upon the ^ugor of the mother shoot 
but ordinarily not more than seven are formed. At first these 
sprouts grow at about the same rate, but within a few weeks the 
growth rate of those nearest to the apex is accelerated while that 
of the subapical sprouts slows down; generally growth ceases after 
the end of the first cycle. Every healthy bud below this active region 
can be forced to produce a vegetative sprout by notching or girdling 
above the bud or by mechanically preventing the apical portion of 
the shoot from producing sprouts. 
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The investigations here reported were undertaken for the purpose 
of studying apical dominance in the Citrus stem. For the work with 
cuttings the Chinese lemon was chosen because it can be grown more 
successfully by this method than other species of Citrus. The investi- 
gations in the orchard were carried out with shoots of the Eureka 
lemon. All material was obtained from trees growing on the grounds 
of the Citrus Experiment Station, Eiverside, California. 


(a) Chinese Lemon Cuttings 

In the course of preliminary experiments it was found that if 
the upper half of a cutting (about 30 cm. in length) was enclosed 
in a plaster cast and suspended in moist air, sprouts would appear 
immediately below the cast. When the plaster cast was removed and 
the cutting again suspended the uppermost buds grew out, while 
within a few weeks the original sprouts died. The results of this 
experiment were discussed by Reed and Halma-® and wei’e considered 
to support the inhibitor theory advanced by Loeb.^"^ The results of 
the following experiments, however, make it evident that the initiation 
of sprout growth cannot be explained on the basis of the inhibitor 
theory. 

Chinese lemon cuttings, each possessing ten buds, were divided 
into three sets. In one set of 31 cuttings the cut surface and the three 
uppermost buds were wrapped tightly with rubber tape (bricklayer’s 
tape) ; in another set of 31 cuttings the cut surface and the five 
uppermost buds were wrapped. A set of 15 unwrapped cuttings 
served as a control. The pressure of the wrapping with tape mechan- 
ically prevented development of the buds. The cuttings were then 
planted vertically to a depth of two to three centimeters in flats con- 
taining washed river sand and placed in the greenhouse. In order 
to increase the humidity of the surrounding air the flats were covered 
with glass cases. 

Measurements of the sprouts produced by each cutting were made 
every three or four days. The tape was removed when the total 
length of the sprouts produced by the free portion had reached 
various lengths. After growth ceased the green weight of sprouts 
and roots was determined. The data obtained are given in tables 1 
and 2 and they are graphically represented in figure 1. 
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TABLE 1 


Chinese Lemon Cuttings; Showing the Effect of Taping the Theee 

Uppermost Buds 


Cutting No 

Total length of subapical sprouts 

Total length of apical 

When apex was freed, cm. 

At end of experiment, cm. 

sprouts, cm. 

5 

0 

22 

8 

24 

1 

26 

7 

19 

2 

22 

12 

31 

3 

29 

8 

15 

3 

24 

. 12 

21 

4 

21 

8 

12 

4 

25 

11 

25 

6 

17 

22 

26 

6 

17 

3 

30 

7 

16 

12 

16 

7 

20 

14 

6 

8 

21 

13 

23 

8 

19 

30 

17 

9 

20 

5 

n ! 

9 

23 

21 

28 i 

10 

16 

9 

22 

10 

23 

7 

20 

10 

17 1 

10 

7 ! 

11 

20 1 

9 

27 

11 

22 

9 

13 

13 

28 

7 

18 

14 j 

22 

9 

29 

14 

19 

6 

8 

16 1 

18 

5 

10 

16 ! 

18 

6 

1 

16 

19 

24 

14 

16 

23 

11 

2 

17 

20 

1 

4 

17 

18 

16 

9 

18 

31 

8 

3 

21 

21 

6 
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TABLE 2 


Chinese Lemon Cuttings; Showing the Effect of Taping the Five 
Uppermost Buds 


Cutting No. 

Total length of subapical sprouts 

Total length of apical 
sprouts, cm. 

When apex was freed, cm 

At end of experiment, cm. 

18 

1 

19 

15 

21 

1 

! 12 

10 

22 

2 

17 

10 

31 

2 

19 

11 

29 

2 

18 

13 

27 

2 

13 

7 

24 

2 

18 

11 

10 

2 

19 

19 

16 

3 

18 

12 

6 

4 

21 

18 

26 

4 

14 

9 

23 

4 

23 

20 

20 

4 

27 

14 

12 

5 

18 

11 

15 

5 

13 

8 

25 

5 

16 

36 

28 

5 

14 

15 

30 

5 

14 

29 

17 

6 

19 

! 10 

5 

6 

24 

! 14 

4 

7 

18 

7 

19 

S 

20 

12 

11 

10 

22 I 

7 

8 

10 

38 

12 

7 

11 

27 

4 

13 

11 

13 

9 

14 

13 , 

15 

10 

9 

18 

23 

12 

1 

19 

22 

8 

2 

23 

25 

24 

3 

26 

34 

29 
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In contrast to the results obtained in the experiment mentioned 
previously,-^ none of the subapical sprouts died. It is important to 
mention that the control cuttings began to grow from two to three 
dat^s eaidier than the other two sets. 

It should be noted that even where no measurable groivth was 
made by the free portions of the cuttings before the tape was removed 
the ultimate growth compared favorably with that made by other 
subapical regions which had a better start. 



Fig. 1. Chinese lemon cuttings. Average total sprout grcwth per cutting. 
No. 1, three uppermost buds taped; No. 2, five uppermost buds taped. Control not 
taped. 


Figure 1 shows that the growth of both free and inhibited portions 
of the cuttings follows the characteristic S-shaped curve. This sug- 
gests the possibility that the two portions, although connected 
morphologically, behave as two physiological units. 

Before examining this possibility it is necessary to discuss the 
relation between size of cutting and amount of sprouts produced. 
This is of importance to the interpretation of the data obtained with 
taped cuttings. During the winter 58 cuttings of various sizes were 
made from the mature part of 14 mother shoots of the Chinese lemon. 
They were grown about the same time and under the same conditions 
as the cuttings in the experiment described above. For the purpose 
of finding out whether or not a difference existed between apical and 
basal portions of the mother shoot, the cuttings from each were kept 
in the order of their position on the mother shoot. 
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TABLE 3 

Chinese Lemon Cuttings; Eelation Bet^veen Size of Cutting and Amount 
OF Sprouuts Produced prom Individual Cuttings of 
Fourteen Mother Shoots 

Weight— total green weight in grains of sprouts per 100 gr. of green weight 
of eutting. 

Length = total length in cm. of sprouts per 100 sq. cm. of area of eutting. 

In the ^ ^ Individual ^ column, the apical eutting is given first. 


Weight 

Length 


Weight 

Length 

Individual 

Average 

Indi\ndual 

Average 


Individual 

Average 

Individual 

Average 

20 0 


81.2 



28 0 


70 3 


30.4 


64.7 



34 2 


57.8 


31 5 


54 2 



25.5 


68 1 


37 5 

29 9 

61 6 

65 3 


25 8 


68 1 







38 9 

30.5 

59.5 

64 8 

35 2 


51 1 







27 6 


73 8 



36 4 


70 3 


32.6 

31 8 

60 4 

61 7 


33 3 


52 6 







31 3 


56 8 


45.3 


71.4 



33 3 


55.1 


43 9 


90.9 



35 3 

33 9 

58 4 

58 6 

43 1 

43 1 

80.0 

SO 7 











54.1 


62.5 


35.6 


70 0 



36 7 


69 9 


35.7 


81.1 



49 3 


73 4 


47.4 

39.9 

73 1 

74 7 


41.1 


73 8 







40 1 

44 3 

61 2 

68.2 

29.4 


52.6 







24.5 


68.1 



46 8 


74.6 


20 7 


62.9 



39.1 


73 3 


30.6 


43.3 



38.3 


71.4 


27.1 

26.5 

38.0 

53 0 


44.0 

42.0 

66 8 

71 5 

44.2 


71.1 



43,1 


83.3 


47.3 


69.0 



48 3 


66 


47,9 

46.4 

76 0 

72 0 


47 4 


62.0 







46 8 


68 5 


38.9 


55 1 



38 5 

44 8 

57 1 

67. 5 

26 3 


72.7 







22.9 


35 1 : 



43 1 


55.1 


36.9 

31 2 

73.9 

59 2 1 


34 5 


48 9 







34 7 

t 

60 0 


36.1 


62.4 : 



29 4 

35 4 

61 2 

56 3 

27 8 


m 0 







28.4 


68.8 







25.0 


69,0 







22.5 

2S.0 

62.5 

68 5 
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The green weight and length of the sprouts were determined after 
six weeks when growth had stopped. In table ?> the total length of 
sprouts is given on the basis of 100 sq. em. of stem area of the cut- 
tings on which they grew and the green weight of sprouts on the 
basis of 100 grams of green weight of stem of the cuttings on which 
they grew. The average green weight of sprouts pi'oduced by each 
set of cuttings varied from 26.7 to 46.4 grams — a difference of 19.7 
grams. The maximum variation in sprout production among the 
cuttings from the same mother shoot is 17.5 grams and in the entire 
set of 58 cuttings is 34.1 grams. 

The correlation coefficient between green weight of cuttings and 
green weight of sprouts produced is .806 .032 and that between 

stem ai'ea and length of sprouts is .747 .040. The inclusion of the 

roots does not alter these values materially. 

With these relations in mind we shall now examine the sprout 
production by the free and the temporarily inhibited portions of the 
cuttings. Table 4 gives the average amount of growth produced by 
the free and the inhibited part of the cutting respectively. It will 
be seen that in the case of cuttings whose uppermost three buds were 
taped the free parts produced 25.0 grams of sprouts and the inhibited 
part 42,7 grams — a difference of 18.7 grams. It was stated above that 
the greatest difference between cuttings of the same mother shoot was 
17.5 grams and for the entire lot 34.1 grams (table 3). In view of 
the fact that the cuttings wrapped with tape were parts of many 
mother shoots it is evident that, had the two portions of the cuttings 
been separated, a similar variation in the production of sprouts would 
have occurred. It is therefore probable that the difference between 
free and taped portions wms due to variation of the material. 


TABLE 4 

Chinese IjEmon Cuttings; Mass Relation of Sprouts on Tapeo and Free 
Portions as Compared with Similar Relations on Controi^s 



Free portion 

Taped portion 

Entire cutting 

Number of buds 
temporarily 
taped 

Green 
weight of 
sprouts 
(grams) per 
lOQ grams 
of green 
weight 
of stem 

Length 
of sprouts 
(cm ) per 
100 sq. cm, 
of stem 
area 

Green 
weight of 
sprouts 
(grams) per 
100 grams 
of green 
weight 
of stem 

Length 
of sprouts 
i (cm ) per 
100 sq. cm. 
of stem 
area 

Green 
weight of 
sprouts 
(grams) per 
100 grama 
of green 
weight 
of stem 

Length 
of sprouts 
(cm.) per 
100 sq. cm. 
of stem 
area 

3 (31 cuttings) 

25. Oil 21 

65 Oil. 85 

42 7i3.39 ' 

63 7i3.89 

28.7il.23 

66.4il,56 

5 (31 cuttings) . , 

36,8dbl 35 

62.4il 75 

32.6i2 56 

65 li3.17 

33.4il.61 

62.9il.94 

Control (15 cuttings) 





27. Til. 52 

69.lil.20 

Control (58 cuttings) 





35 8i0.76 

65.liO.96 
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The cuttings whose five uppermost buds were temporarily 
inhibited produced 36.3 grams from the free portion and 32.6 grams 
from the inhibited portion — a difference of only 3.6 grams. As 
regards length of sprouts produced the values for both sets of cut- 
tings are so close that no explanation is needed. 

The figures in table 4 indicate that temporarily inhibiting a part 
of the apex resulted in the division of the cutting into two physio- 
logical units each of ■which produced sprouts in proportion to its 
mass of the cutting. If this is correct then the ratio of sprouts to 
unit weight or area of stem should be approximately the same for 



Fig. 2. Chinese lemon cuttings. Comparative length and distribution of 
sprout Dotted line represents the part of the cutting which was taped. 


each set regardless of the number or location of the sprouts. This is 
actually the case. For example, the cuttings whose three uppermost 
buds were taped produced 28.7 grams of sprouts per 100 grams of 
cutting, the other set 33.4 grams, and the two sets of controls 27.8 
and 35.8 grams respectively (table 4). 

Further evidence that we are here dealing with two physiological 
units resides in the fact that only the uppermost buds of each part 
produced sprouts. In 30 per cent of the cuttings whose upper three 
buds were taped the third bud remained dormant when the tape was 
removed; whereas in the other set only 6 per cent of the cuttings 
produced sprouts from ail five buds and as a rule the fourth and fifth 
bud remained dormant. This was still more marked in another experi- 
ment to be mentioned later. The average distribution and length of 
sprouts on the average cutting is presented diagrammatically in 
figure 2. 
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The question arises as to whether or not these observed facts 
shed any light upon the nature of the polar character of regeneration 
in stems. There is no doubt that the growth of the cuttings under 
the conditions of the experiment depends upon the material stored 
in the stem, and that this supply becomes exhausted regardless of 
the number or position of the sprouts produced. According to Loeh^^ 
the sprout or sprouts which grow out first attract all the available 
material, hence the other buds remain dormant. The above investi- 
gation shows clearly that this is not true for Chinese lemon cuttings, 
because in many cases the sprouts belo\v the inhibited portion were 
of considerable length before the tape was removed and yet growth 
was not prevented in the apical region. 

The interpretation of the results of earlier experiments-® was based 
on the assumption that an inhibitory substance, produced by the 
growing apical sprouts, passed toward the basal part of the cutting 
and thus inhibited the development of sprouts in that region. 

From this experiment, it is obvious that that assumption was 
inadequate, because in this case the apical region of the cuttings had 
no sprouts to produce an inhibitory substance and, furthermore, 
when apical sprouts were produced, they were unable to suppress 
the growth of subapical sprouts. 

If we assume that dominance is due to an axial gradient of 
metabolism declining steadily with the distance from the apex, then 
a lemon shoot ought to produce a gradation of sprouts from apex 
to base. This gradation how^ever appears only in a part of the shoot. 
Furthermore, less growth ought to be produced in the subapical 
than in the apical region. This was not the case with taped cuttings, 
where both the upper and lower portions produced growth in pro- 
portion to their mass. Table 3 also shows that there is no consistent 
difference in the weight or length of sprouts produced by the different 
parts of the mother shoots. 

A possible explanation of these experiments is based upon the 
view held by Curtis® that some substance necessary for growth passes 
upward through the phloem, On this assumption, in the control 
cuttings the growth promoting substance would move upward until 
it reaches the uppermost bud or buds which are in condition to make 
use of it. 

But cuttings planted upside ffown also produce sprouts from 
the apex, hence we cannot say that this substance can move only 
upward. We have seen that in the free portion of the taped cuttings 
sprout growth started later than in the apical portion of the contrqT 
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cuttings. This time factor is significant. We may assume that the 
transformation of food reserves into growth-promoting substances is 
a gradual process which begins at the apex. This view is strengthened 
by the fact that when only the three uppermost buds were inhibited, 
the delay in the outgrowth of buds immediately below the tape was 
not so great as when the five uppermost buds were irdiibited. 

No definite reason can be given as to why the transformation 
of food reserves into growth-promoting substances should begin at 
the apex. Evidently it takes place just as quickly in taped as in 
iintaped cuttings for sprouts will break through weak places in the 
tape before there is any sign of growth below the tape. 

The results obtained warrant the assumption that the earlier 
release from dormancy of the buds in the apical region is due to the 
gradual transformation of food reserves into growth-promoting sub- 
stances from apex to base. The dormancy of subapical buds may be 
assumed to be due to the ability of the actively growdng apical 
sprouts to draw on the entire supply of growth-promoting substances 
as fast as they are formed. If the growth of apical sprouts were 
dependent solely upon the supply of these substances which is present 
in that region, then buds all along the cutting would have to grow 
out in order to account for the mass relation obtained. 

It is evident from table 4 that the growing sprouts below the taped 
portion cannot draw on the supply of growth-promoting substances 
which are stored up in the apical part. 

It seems to the writer that the above explanation is more plausible 
than that based on the down-ward flow of some inhibitor, A recent 
investigation by Gardner'" also indicates that nutritive factors are 
involved in the initiation of sprout growth. 

( h ) Undetached Eureka Lemon Shoots 

Before proceeding with this discussion, it will be profitable to 
see whether or not the foregoing concept can also be applied to the 
behavior of attached shoots under orchard conditions. For this 
purpose the following experiment was made. At the beginning of 
the growing Reason, upright, unbranched, one-year-old Eureka lemon 
shoots were cut back to stubs 50 cm. in length. This left about 24 
buds on each shoot. On one set of. 28 shoots one-fourth of the upper- 
most buds were wrapped with rubber tape and on another set of 28 
shoots, one-half were so treated. As in the ease of the cuttings, 
sprouts appeared from the free portion. On a certain number of 
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shoots in each set the tape was removed when at least one of these 
sprouts reached a length of 5, 15, and 30 to 40 cm., respectively. 
Twenty untreated shoots served a>s a control. 

Measurements of the length of each sprout produced were made 
weekly throughout the growing season, A few shoots were taped to 
the last bud, the intention being to release the buds one by one as 
sprouts developed. 

The results obtained are similar to those obtained with Chinese 
lemon cuttings. Tables 5 and 6 show that in no case was growth 
of the free region suppressed after unwrapping the apical portion. 
Figures 3, 4, 5, and 6 are representative graphs of the growth curves 
of the free and taped portion. They show -with one exception that 
the growth curves of the two portions run approximately parallel. 
This exception occurred with shoots whose upper one-half was freed 
when at least one sub apical sprout w'as 5 cm, in length. Here the 
growth of the apical portion slightly exceeded that of the subapical 
one, but not until after the latter had completed its first growth cycle. 
On the average the control shoots produced sprouts from the upper- 
most seven buds. The taping of one-fourth of the shoot included 
from five to seven buds, hence some of the buds below the tape would 
have produced sprouts without inhibition of the apical portion. But 
when the taping involved one-half of the shoot, which included from 
ten to twelve buds, the subapical sprouts w’^ere outside of the normally 
active region. 

In discussing the behavior of Chinese lemon cuttings it was 
emphasized that the difference in the length of time required for 
apical and subapical buds to produce sprouts may be a factor in 
regeneration. This time factor was very much more marked in 
lemon shoots. The subapical sprouts of the shoots whose upper half 
was taped, appeared one to two weeks later than the sprouts on the 
control shoots. In the other set a delay of two or three days was 
noticed. The importance of the position of the bud was still more 
marked when the taping extended to the lavSt bud. In this case it 
wa>s at least three weeks before a sprout appeared; besides, these 
sprouts were weak and yellow. No delaj^ in the appearance of the 
sprouts was ob>served on shoots which were cut back to 10, 15 or 
25 cm. 
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TABLE 5 


Eubeka Lemon Shoots ; Showing the Effect op Taping the Upper Fourth 


Shoot No. 

Total length of subapical sprouts 

Total length of apical 
sprouts, cm. 

When apex was freed, cm. 

Pinal length, cm. 

21 

18 

363 

401 

10 

19 

132 

210 

23 

20 

291 

106 

7 

21 

152 

561 

19 

22 

223 

133 

16 

22 

344 

175 

4 

23 

678 

j 20S 

22 

24 

392 

1 156 

12 

25 

267 

152 

28 

27 

213 

75 

17 

30 

104 

70 

25 

35 

340 

48 

3 

45 

199 

116 

6 

49 

412 

282 

11 

53 

211 ! 

65 

15 

56 

179 

141 

13 

60 j 

70 

128 

5 

66 

122 

135 

26 

69 

314 

269 

27 

70 

289 

93 

IS 

121 

317 

256 

8 

142 

449 

237 

14 

149 

268 

118 

9 

157 

395 

266 

1 

161 

356 

274 

20 

161 

281 

101 

2 

200 

387 

42 
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TABLE 6 


Eureka Lemon Shoots Showing the Effect of Taping the Upper Half 


Shoot No, 

Total length of subapical sprouts 

Total length of apical 
sprouts, cm. 

When apex was freed, cm. 

Final length, cm. 

9 

7 

154 

306 


7 

72 

274 

18 

9 

135 

202 

11 

16 

60 

113 

3 

16 

223 

276 

1 

19 

260 

163 

10 

19 

130 

151 

20 

23 

566 

306 

13 

28 

205 

188 

5 

33 

218 

141 

23 

33 

487 

186 

14 

33 

242 

178 

2 

34 

201 

159 

27 

45 

239 

247 

26 

48 

96 

251 

25 

49 

222 

271 

19 

54 

137 

264 

7 

62 

281 

130 

16 

70 

136 

S3 

17 

81 

309 

207 

21 

83 

88 

74 

28 

98 

411 

462 

24 

101 ■ 

400 

146 
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An important fact, observed also with Chinese lemon cuttings, 
was the dormancy of certain buds which under normal conditions 
would have grown out. Figure 7 sliowes diagrammatically the aver- 
age length and distribution of the sprouts on the three sets of mother 
shoots. It is seen that after the freeing of the upper five taped 
buds, only three grew out, while nine sprouts were produced by the 
lower untaped portion. In the other set only six out of ten buds 
grew out in the upper portion while nine sprouts were produced by 
the lower portion. The average number of sprouts produced was 
twelve per shoot in the former taped set, fifteen in the latter, and 
eight in the controls. The diiference in the number of sprouts or in 
their size previous to unwrapping the apex had practically no effect 
upon the total amount of growth (table 7). 

TABLE 7 

Eureka Lemon Shoots; Showing the Effect of Taping the Upper Eourth 

AND Upper Half 

Length in cm, per 100 sq. em. of bark area of shoot. 

Tipper fourth of mother shoot taped 


Average total length of sprouts produced by- 


Free portion 

Apical portion 
(final length) 


When tape was removed 

Final length 

1 Entire mother shoot 

18 

186 

325 

221 

29 

197 

406 

249 

97 

! 158 

371 

251 

Upper half of m 

other shoot taped 



15 

' 200 

224 

213 

42 

220 

187 

203 

67 

255 

200 

228 


Control 


203 


in order to test the reliability of these results the following experi- 
meiit was made. At the beginning of the growing season 14 pairs 
of uniform unbranched, one-year-old shoots, situated similarly on the 
trees, were cut back to the mature wood. On one shoot of each pair, 
notches were made in the bark just above many of the subapical 
buds, in order to force out a greater number of sprouts. The shoots 
thus treated produced about twice as many sprouts as the untreated 
shoots. At the end of the growing season the sprouts on both sets 
of shoots were measured and their dry weight determined. The 
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results are summarized below. The figures are based on 100 sq. cm. 
of shoot area. 

Total length of sprouts Dry weight of sprouts 


Notched 207 cm. 30 grams 

Control 219 cm. 35 grams 


The ratio between dry weight of mother shoots and dry weight 
of sprouts produced was found to be as 1 to 1.8 for each ease. 

The evidence for vertical lemon shoots is fairly conclusive that 
the amount of growth produced is appi'oximately proportional to the 
size of the mother shoot regardless of the number or distribution of 
the sprouts. It may be mentioned here that a similar relation exists 
in horizontal shoots. 



Fig, 7. Vertical Eureka lemon shoots. Comparative length and distribution 
of sprouts. Dotted line represents the part of the shoot which was taped. 


(c) Discussion 

’ The results obtained with lemon shoots corroborate in a general 
way those obtained with Chinese lemon cuttings. When the out- 
growth of buds in the tipper one-fourth or one-half is prevented, the 
parts behave as separate physiological units. A few remarks 
cerning the cyclic growth of lemon sprouts may be made. Normally 
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not more than three cycles are made by the sprouts nearest the apex ; 
those further down usually make only one or two cycles. The growth 
made during the greater part of the first cycle probably depends 
entirely upon the reserve material stored in the shoot. For the first 
few weeks all sprouts grow' at approximately an equal rate, then the 
apical ones gain the ascendency. During the second and third cycles 
elongation is practically confined to a few apical sprouts. 

For the purpose of our discussion we may divide the seasonal 
growth into two periods, one during which growth probably depends 
on the stored material and the other during which nutrients are 
supplied. The first period, during wdiich sprout growTh is initiated, 
is the phase with which w^e are mainly concerned at present. 

In the shoots the transformation of food reserves into growth- 
promoting substances is probably a gradual process wFich begins 
at the apex. As is the case of cuttings, the growing apical sprouts 
appropriate the supply of growi:h-promoting sub>stances as fast as it 
is formed, hence the buds farther down remain dormant. 

The fact that the time required for subapical sprouts to grow out 
is in proportion to the length of the portion which is taped, suggests 
the possibility that the formation of growth-promoting substances 
begins at the apex and in the cuttings this formation takes place 
whether or not the upper portion is taped. Evidently the growing 
subapical sprouts can draw on the supply of growth-promoting sub- 
stances only from below the point of origin of the sprout. 

During the second period only a few apical sprouts continue to 
elongate while the others below make no further growth. The amount 
of raw materials furnished each shoot depends upon the size of the 
root system and the number of growing tips. Hence it is conceivable 
that under favorable conditions each growing tip receives its pro- 
portion of this material. But this does not explain why it should 
only benefit a few of the uppermost sprouts. 

A possible explanation is that during the second period the rapidly 
growing sprouts exert an inhibiting influence upon the growdh of 
the subapical sprouts. This influence, as Loeb's^^ results suggested, 
may be due to an actual substance (a hormone) which is produced 
in the growing tip and which, as it travels downward, prevents 
further elongation of subapical sprouts. Keed^' found evidence in 
pruned pear shoots which he considered a confirmation of Loeb’S 
inhibitorj^ hypothesis. In subsequent studies Reed^"^’ applied this 
concept to explain the behavior of apricot shoots and of organisms 
in general. 
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Barker and Lees/ working with pear shoots, came to the conclusion 
that in addition to the action of an inhibitor other factors such as 
temperature, bud strength, root action and variety influences deter- 
mine the growth of buds on the mother shoot. 

A general objection to the inhibitor theory is that raised by 
Harvey.^ ^ He and others argue that if such a substance is produced 
in the dominant region, growth should be depressed there also be- 
cause it would be in greatest concentration there. This, however, 
would not be true if the inhibiting substance is carried away as fast 
as it is formed. Since nothing is known about the nature of this 
substance the objection cannot be met unless we accept Robertson’s 
hypothesis.-^ 

It is the writer’s view that the apical dominance in attached 
lemon shoots is governed by two distinct processes. During the initial 
period the release from dormancy of the buds and sprout growth is 
governed by growth-promoting substances. Later apical dominance 
may be ascribed to an inhibiting substance which is produced by the 
rapidly growing apical sprouts and influence their subapical neigh- 
bors. In dealing with cuttings we are concerned only with the release 
from dormancy. 


IV. EFFECT OF INJECTIONS OP VARIOUS CHEMICAL 
COMPOUNDS ON THE OUTGROWTH OP BUDS 

In the preceding part of this paper the view was expressed that 
the upward movement of growth-promoting substances contained 
within the cuttings, together with a time factor, are concerned in 
determining the apical dominance in Chinese lemon cuttings. The 
next step was to study the effect of substances introduced into the 
cuttings on the order of bud development and the amount of growth. 

Curtis^ found that treatment with potassium permanganate results 
in a very marked increase in root growth of various woody cuttings. 
He also found that immature cuttings produced better root growth 
when treated with cane sugar. In maturer cuttings this treatment 
generally resulted in increasing the top growth and in the develop- 
ment of subapical buds which normally remain dormant. 

Gardner® succeeded in bringing about the outgrowth of basal bu<fe 
of pear cuttings by introducing a five-tenths per cent solution of 
sodium nitrate into the basal part of the cutting. Gardner considers 
it probable that the absorption of sodium nitrate by the basal portion 
of the cutting lowered the carbohydrate-nitrogen ratio by increasing 
the nitrogen content. 
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(a) Ligustrum Cuttings 

The material was obtained during the winter from a hedge grow- 
ing in Ei-verside, California. This plant is an evergreen but goes 
into dormancy about the same time as the Chinese lemon. Twenty 
cuttings, each possessing five nodes taken from mature shoots, were 
used for each treatment, which consisted in the introduction of a 
solution of a chemical. In ten of them the solution was drawn from 
base to apex and in the other ten from apex to base. The solution 
was drawn through the cuttings by means of a filter pump. The 
cuttings were removed after at least .several cubic centimeters of the 
solution had collected above. They -were then thoroughly rinsed with 
water, and the part which stood in the solution and to which the 
tubing was attached was cut off. The cuttings were planted vertically 
in flats containing river sand and kept in a basement room in which 
a temperature of 25° to 27° C. and a humidity of about 75 per cent 
were maintained. Light was furnished by a 200-'Watt Mazda day- 
light bulb placed about one meter from the cuttings. Evidently the 
amount of light was insufficient as none of the cuttings produced 
roots. Some cuttings treated similarly and exposed to sunlight pro- 
duced roots but the twig growth was similar to that made in the 
culture room. Table 8 gives the summary of the results. The" manner 
in which the solution was drawn through the cutting had no effect 
upon growth, hence no separate data are given. 

The important point is that none of the compounds used stimu- 
lated greater growth than distilled water. It is remarkable that the 
acids and bases did not injure the cuttings to a greater extent. It 
wiE be noticed that some cuttings died in every lot. Treated with 
M/5 Ca(N 05 )j only two cuttings failed to grow while, with the 
weaker solution sixteen died and the growth was also poor. It is 
worthy of remark that in most cases more cuttings died with the 
weak than with the strong solutions, The reason is not evident. 

It was observed that in no case was the order of hud development 
reves^. The gr^test deviation from the normal was found in 
cuttings which received M;/5 Ca(NOs )2 solution. The fact that this 
eompoi»?i| di^; not increase growth would indicate that it interfered 
-with the inovcment of growth-promoting substances in the 
,npp€rm<^ ^ ‘ 

• Since no'ni^.j'Sfer^ 'proddced, Curtis’ findings in regard to the 

perman^in^te coul^'ttot be veri- 
fied! ^Ibhe ^ ei^risdeBt cbne^trations 
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gave poor top growth. A few cuttings treated with this compound 
and placed in sunlight did not give better results than those treated 
with sugar or distilled water. 

TABLE 8 

Lagustrum Cuttings Injected with Various Solutions, and Grown in Sand 


{ 

Treatment 

Number of cuttings 

Total 
average 
length of 
twigs per 
cutting 
in cm 

Order of 
best 
growth 

Average 
number of 
nodes which 
grew 

Dead 

Growing 

M/5 HCl . 

4 

16 

8 9 

7 

2 1 

M/25 HCl 

10 

10 

7 0 

11 

1 5 

M/5 KOH . 

8 

12 

7 3 

10 

1 6 

M/25 KOH 

7 

14 

7 7 

9 

1 7 

M/5 NaOH 

8 

12 

6 3 

14 

1.3 

M/25 NaOH. . . 

. 8 

12 

5 8 

15 

1.4 

M/1 dextrose 

3 

17 

10 7 

3 

1 5 

M/5 dextrose .. . .. 

10 

10 

8 8 

8 

1.5 

M/10 KMn04 

7 

13 

7 3 

10 

1.9 

M/25KMnG4 .. .. 

5 

15 

6 4 

13 

1.5 

M/ 5 Ca(N 03)2 . 

2 

18 

10 '5 

4 

2 4 

M/25Ca(NOa). 

16 

4 

6 5 

12 

1.4 

M/5 NaNOs. , 

9 

11 

10 3 

5 

1.7 

M/25NaN03 

10 

10 

9.1 

6 

1.8 

Ether water , i 

' 8 

12 

11 5 

1 

2.0 

Distilled water ... . 

7 

14 

11.4 

2 

1.6 

Control . . 

9 

11 

9.1 

6 

1.4 


(&) Mature Chinese Lemon Cuttings 


, Guttings of this plant grow well under the conditions described 
above. In a preliminary experiment injected cuttings of uniform 
size were suspended in saturated air. For each treatment 14 cuttings 
were used. The following compounds were used in various concen- 
trations: HCl, KOH, NaOH, dextrose, ether-water and distilled 
water. 

None of these solutions had any influence on the order of bud 
development. The average total length of sprouts produced per cut- 
ting is given below. None of the solutions omitted gave better results. 


M/25 HOI 5.7 cm. 

M/25 NaOH 5.3 cm. 

M/25 KOH 4.4 cm. 

M/1 destToee 5.7 cm. 


3.0 cm. 
9.7 cm, 
5.3 cm. 


Ether water .... 
Bistilled water 
Control 
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There is no evidence of any eftect of any of the injections, except 
an increavse of grondh with distilled water, a decrease wdth ether- 
water and a probable slight decrease with KOH. There was no 
deviation from the normal order of bud development. 

In another experiment cuttings possessing 7 to 11 buds were made 
and well sampled so that each lot contained parts of several trees. 
For each treatment 15 cuttings were used. The method of injecting 
the solutions and the condition under which the cuttings were groivn 
were the same as those previously described except that the cuttings 
were placed in sand. Before planting, the green weight and bark 
area of each cutting were determined. In all cases twig growth 
ceased after the third week. After the fourth week the twigs and 
roots were cut off, weighed and measured. 

TABLE 9 


Chinese Lemon Cuttings Injected with Various Solutions 
Green weight of sprouts and roots in grams per 100 grams of green weight 
of cuttings. 


Num- 
ber of 
cuttings 
dead 

Treatment 

Weight of 
sprouts 

Order of 
greatest 
sprout 
growth 

Weight of 
roots 

Order of 
greatest 
root 
growth 

1 

M/5 HCi 

23.1±1 25 

3 

4 Irfc 54 

8 

0 

M/25 HCI 

22.9±L06 

4 

4. lib 50 

8 

2 

M/5 NaOH 

15 5il.27 

14 

1.6±.35 

12 

1 

M/26 NaOH 

28.2drl.l0 

1 

6.0d=.59 

6 

3 

M/5LiNO, 

16 Q±2. 13 

13 

3.7db.51 

9 

0 

M/25 LiNOs 

24.8±1.13 

2 

5 9=h.45 

7 

0 

M/5 Ca(NOs). 

18 Til. 06 

10 

6.2=t.34 

5 

1 

M/25 Ca(NO,)j 

20 3ifc:1.04 

9 

6 6±.48 

3 

0 

M/i dextrose 

20 3rb .95 

9 

6.7±.44 

2 

0 

M/5 dextrose 

21. 0± .92 

7 

6.7±.70 

2 

0 

M/6 NaNOi 

21.4dbl.24 

e 

8.5db,79 

1 

0 

M/25NaN03 i 

20. 7± .74 

8 

6.4±.50 

4 

0 

Distilled HsO 

22.6=b .88 

5 

8.5±:.69 

1 

0 

No treatment 

18.2±1.36 

11 

6.7±.45 

2 

5 

Hoagiand solution, no Fe 

* e.li: .95 


0 9±.26 

15 

7 

Hoaglaad solution-f Fe 

6.4± .59 

19 

0 5± 17 

17 

4 

Fe tartrate... 

7.9dbl.l6 

17 

1.9± 46 

11 

9 

M/25KMbOv 

5.3db .72 

22 

0 6±,24 

16 

4 

M/6 EOIPOi. 

3.1± -49 

23 

0.0 

18 

4 

M/25K*HPO*.... 

6 8± .75 

18 

1.3±.33 

14 

3 

M/5 citric acid 

5 7d- .52 

21 

-5± 18 

17 

3 

M/25 citric acid 

7.9± .76 

17 

1.4rb.24 

13 

3 

M/5 . 

8 5d: .85 

16 

1.3±.27 

14 

4 

M/25 glycocoll 

XL5±1.36 

15 

2.2± 35 

10 
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It appears from the data given in table 9 that none of the solutions 
used caused significantly greater total growth than distilled water. 
M/5LiNO;^ was the only solution which caused visible injury to the 
cuttings. In this case one or t^vo centimeters of the apex turned 
brown within a few days. The injury was probably caused by a 
high concentration of the salt as a result of the evaporation of water 
from the cut surface. 

The treatment with IICl did not affect top growth and only 
slightly reduced root growth. The sprout growth on cuttings treated 
with M/5 NaOH was poor, compared with that on cuttings treated 
with M/25 NaOII. Cross sections made from cuttings treated with 
the stronger solution of NaOII showed reddish discolorations in the 
woody part of the cutting through which the solution passed. Within 
these areas starch was present while none was found in the unaffected 
regions. 

All of the organic compounds used, with the exception of dextrose, 
retarded growth. There is no indication that dextrose increased 
either top or root growth. It is of interest to note that Hoagland 
solution retarded growth although one of its constituents is Ca(NOj {)2 
which gave fair results. It is possible that the presence of K 2 HPO 4 
in Hoagland solution may be the retarding factor since when it was 
used alone very little growth was produced. 

The fact that with some of the compounds the growth produced 
was poor may be due to interference with the movement of growth- 
promoting substances. There was tsome indication that certain com- 
pounds hastened twig gi’owth, but the total amount of growth was 
not increased. None of the substances used had any effect upon the 
order of bud develoi:)ment. 


(c) Immature Chinese Lemon Cuttings Treated with ^ugar 

Bouutions 

Cuttings from which all leaves were removed were taken from 
the apical part of immature shoots on May 23. Each cutting possessed 
seven nodes. They were divided into six lots of 18 cuttings each. 
The solutions used w^ere M/5 and M/10 dextrose, M/5 and M/10 cane 
sugar and distilled water. One lot served as a control. The cuttings 
of each lot stood in the solution to a depth of one centimeter for 
24 hours without the application of suction. They were then rinsed 
with distilled water and planted in flats containing river sand. On 
July 29 the cuttings were removed and the roots and sprouts weighed* 
The results are summarized in table 10, 
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The amount of spz'ouis produced by cuttings treated with dis- 
tilled Avater and by the untreated ones Avas far in excess of that pro- 
duced by cuttings treated with the Amiuous sugar solutions. The 
amount of roots produced by the cuttings treated AAdth M/10 cane 
sugar solution compares faA'orably Avith that produced by the control 
cuttings. It will be seen that AAuth all sugar solutions the percentage 
of the cuttings which died is considerable while none of those treated 
with distilled Avater or of the controls died. It is therefore probable 
that leaAung such cuttings in the sugar solutions longer than 24 hours 
Avould result in a still greater loss. 


TABLE 10 

Immature Chinese Lemon Cuttings, May, 1924; 18 Cuttings in Each Lot 


Treatment 

Average total 
length of sprouts 
per cutting, 
cm. 

Average green weight 
(grams) 

Number 
of cuttings 
dead 

Sprouts 

Boots 

M/5 dextrose ... . . 

2 3 

28 

12 

6 

M/10 dextrose . , 

2 1 

22 

.10 

7 

M/5 cane sugar 

1 5 

.21 

08 

7 

M/10 cane sugar 

2.6 

44 

.19 

7 

Distilled HgO 

3 4 

66 

.15 

0 

Control.... 

3 8 

.74 

.21 

0 


Several cuttings similar to those Avhich were treated were exam- 
ined for starch. In the apical and middle regions, traces of starch 
were present in the cambium ; in the basal part of the cutting starch 
was also found in the medullary rays. 

None of the treatments had the slightest effect upon the order of 
sprout development. The sprouts from the first and second bud were 
always the longest and when the third or fourth bud greiv out the 
resulting sprout was very short. There was practically no difference 
in the number of sprouts produced. 

(d) Discussion 

The results of these experiments show no effect on the order of 
sprout development or growth on either mature or immature cut- 
tings with any of the substances injected. In the case of M/5 NaOH 
reduced growth w^as probably due to the locking up of a part of 
the food reserA^e supply. HoAvever the injected cuttings started to 
grow just as quickly as others which produced a greater amount of 
groAYth. 
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The detrimental effect of some of the compounds ux3on mature 
cuttings may be explained on the assumption that these compounds 
interfered with the transformation of food reserves into growth- 
promoting substances. This view is strengthened by the fact that 
the release from dormancy of the buds was delayed or entirely pre- 
vented. The fact that many of them remained alive for many weeks 
shows that these compounds as such w^ere not otherwise injurious. 

The retarding effect of Hoagland solution is of interest. It con- 
tains both Ca(N03)2, which is not detrimental, and K2HPO4, which 
is detrimental to the production of sprouts. 


V. BEHAVIOR OP HORIZONTAL LEMON SHOOTS 

This part of the investigation is an attempt to study the factors 
involved in the distribution of sprouts on horizontal shoots and 
cuttings. 

All material was obtained from trees growing on the grounds of 
the Citrus Experiment Station, Riverside, California. The experi- 
ments in the orchard were carried out with shoots of the Eureka 
lemon and those in the laboratory with Chinese lemon cuttings. 

With upright lemon shoots are cut back to the mature wood and 
brought into a horizontal position, sprout development will be con- 
fined to the dorsal side with the exception of one or two sprouts which 
will appear on the ventral side close to the cut. Cuttings of the 
Chinese lemon grown in a horizontal position behave similarly. 

It is often claimed that by bending a shoot into a horizontal 
position the tissues at the bend are compressed and thus impede the 
flow of sap to the buds on the ventral side. This view is not sup- 
ported by the facts. In the first place no tissues are compressed when 
cuttings are grown horizontally and yet sprouts have not been seen 
to occur on the ventral side. Secondly, lemon shoots always exhibit 
this behavior whether the tissues are compressed or stretched. A 
long shoot bent into a U-shape and tied so that both arms lie in the 
same plane develops sprouts only on the dorsal side of each arm. 
Figure 8 shows two Chinese lemon plants both of which were bent 
in the same way. One plant was grown upside down so that com- 
pressed tissues were on the dorsal side and the other plant remained 
in the normal position. It will be seen that in both cases growth was 
distributed along the dorsal side. 
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Light is apparently not a factor of primary importance in 
initiating sprout growth of lemon shoots or cuttings. Chinese lemon 
cuttings suspended horizontally in saturated air produced sprouts 
only on the dorsal side in light as Avell as in darkness. This is also 
true when the dorsal side is darkened and the ventral side illuminated. 

Loeb^^ suggested that the sprouts on the dorsal side of a horizontal 
shoot may inhibit growth on the ventral side. He was successful in 
inducing outgrowth on the ventral side of a horizontally suspended 
stem of BryophyUum cahjcinimi when he removed the buds on the 
dorsal side. No evidence of this inhibiting action could be obtained 
with lemon shoots. Cuttings were split longitudinally and either 
suspended in saturated air or placed in moss or sand. Whenever the 
halves of the cuttings were placed so that the buds were on the 
ventral side, no growth occurred, but Avhen they were placed in the 
reverse position sprouts developed promptly. It was observed that 
the growth from a cutting divided in this manner Avas Aveaker than 
that made by whole stems. 

Destroying the buds on the dorsal side of either cuttings or 
horizontal shoots had no effect on the buds of the ventral side but 
as a result of this operation many cuttings and shoots produced 
sprouts from adventitious buds on the dorsal side. 

On several horizontal shoots no dorsal sprouts were allowed to 
grow for three years, yet none of the buds on the ventral side, with 
the exception of one or two close to the apex, showed any signs of 
growth. 

The influence of position upon the development of sprouts can 
be shown in other ways. When a horizontal cutting is allowed to 
develop sprouts from the dorsal side and is then revolved through 
an are of 180 degrees, the buds from the previously ventral side then 
produce sprouts while the original sprouts gradually cease growing 
and in some eases die. 

In order to study this behavior quantitatively the following 
experiment was made. Forty one-year-old vertical lemon shoots were 
cut back to the mature wood and bent into a horizontal position before 
growth started in the spring. Twenty of these shoots remained in 
this position during the entire season, while the twenty others were 
bent in the opposite direction four ’weeks after the appearance of 
sprouts when the aveirage length of the sprouts was 5.4 cm. 

In less than two weeks the buds which were previously on the 
A^entral side became active and by the end of the growing season the 
aA-erage length of sprouts per mother shoot was 15.1 cm., as compared 
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with 12.6 cm. for the sprouts which were originally on the dorsal 
side of the reflexed shoots. This shows that though the original 
sprouts were not suppressed by the neAV set the latter exceeded the 
former in spite of a later start. 






Fig. 8. ChinesG lemon shoots bciit into a horizontal position, (a) Ttight side 
up; (fo) upside down. 

The average length of sprouts produced by the reflexed shoots, 
27.7 em., compares favorably with that produced by horizontal con- 
trol shoots, which was 24.6 cm. In total growth there is practically 
no difference between the two sets of shoots. In centimeters of length 
of sprouts per 100 sq. em. of shoot area, the reflexed shoots produced 
66 cm. and the control 76 cm. The average number of sprouts on the 
former shoots was twelve and on the latter seven. In other words, 
the total amount of growth is not much influenced by the number 



326 


KUgardia 


[Yol. 1, No. 14 


of sprouts produced The only obvious difference was that where 
fewer sprouts were produced their length was greater. 

It has already been said that the seasonal growth of lemon sprouts 
is made in three cycles. The growth on 225 horizontal mother shoots 
as determined by measuring the total increments of all sprouts was 
as follows: 1st cycle, 181 cm., 2nd cycle, 77 cm., and 3rd cycle, 71 cm. 

It will be remembered that the original set of sprouts averaged 
5.4 cm. when the position of the shoot was changed, and that they 
I'eached an average length of 12.6 cm. This corresponds to the aver- 
age length of 11.5 cm. of sprouts produced by the control shoots 
during the 1st cycle. It is evident that the change in position did 
not influence the growth of the down-pointing sprouts until the com- 
pletion of the 1st cycle, while the sprouts on the dorsal side con- 
tinued their growth to the end of the season. 

These results suggest that gravity may be one of the factors 
responsible for the distribution of growth on horizontal shoots. For 
the purpose of studying the effect of gravity the following experi- 
ments w^ere made. 

Several dormant Chinese lemon cuttings were suspended hori- 
zontally in saturated air and revolved through an arc of 180 degrees 
once every week. Sprouts appeared on both sides within ten days 
and the rate of growth was approximately the same. 

Another set of dormant Chinese lemon cuttings were revolved 
continuously in a moist atmosphere. This resulted in growth from 
all sides, and the sprouts were confined to the apical portion of the 
cutting. When the motor was stopped for about two weeks the 
sprouts which happened to be on the dorsal side continued to 
elongate; if kept in this position long enough some of the sprouts 
pointing downward deteriorated. 

From these observations it seems that gravity is a controlling 
factor in the distribution of sprout growth. The cuttings revolved 
through an are of 180 degrees once every week produced sprouts 
which were in the same plane. By revolving the cuttings continu- 
ously the force of gravity was equalized and consequently growth 
occurred on all sides. 

( a ) Effect op Notching on Outgeowth op Buds 

Unbranched dormant lemon shoots were cut back to the mature 
wood and tied in a horizontal position. Prom two to four buds on 
either the dorsal or the ventral side of each shoot were treated in 
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the manner de>scribed below. For each treatment twenty- fiA^e shoots 
were used. 

1. A slanting cut was made, beginning about 1 cm. above the bud 

and extending at an angle of about 20 degrees into the wood 
to a point 1 cm. below the bud, thus severing the bud from 
the mother shoot, except on the lower side. A piece of mica 
was inserted to keep the cut from healing over, 

2. A cut was made as above but beginning below the bud. 

3. A notch was made above the bud, removing a small crescent- 

shaped piece of bark. 

4. A notch was made as in the last case but below the bud. 

The results are given in table 11. It is evident that buds grow 
if a notch or cut is made above the bud but that sprout growth is 
inhibited when a notch or cut is made below. 


TABLE 11 

Horizontal Lemon Shoots; Showing the Effect of Notching upon 
Sprout G-rowth 


Treatment 

Number of buds 
treated 

Per cent of buds 
which grew 

A v-erage total length 
of sprouts (cm.) per 

100 sq. cm. of shoot 
area 

Dorsal buds: 




1 

70 

98.6 

103 

2 

68 

1.5 

' 96 

3 

71 

91.6 

111 

4 

61 

9.8 

116 

Ventral buds: 




1 

80 

73 3 

104 

2 ! 

71 

0 0 

109 

3 i 

70 

51.4 

112 

4 

77 

1.3 

101 

Controls 



106 


In order to determine w^hether the age of the bud on the mother 
shoot is a factor, buds of the same age were inserted on both dorsal 
and ventral sides of shoots. These inserted buds were notched in the 
manner previously described and the results were identical. An 
attempt was also made to force out buds on the ventral side of the 
shoot by one longitudinal notch made on each side of the bud; but 
the results were negative. 



328 


Kilgardm 


[Vol. l,No. 14 


It was observed that the twigs produced on the ventral side as 
a result of notching made the first cycle of growth only. Further- 
more several attempts to induce twig growth on the ventral side 
by notching or cutting later in the season failed. 

In the discussion of vertical shoots data were presented to show 
that the amount of growth produced depends upon the size of the 
mother shoot. The last column in table 11 shows that this also holds 
for horizontal shoots. 

Although these values agree closely among themselves yet they are 
only about one-half as large as those obtained with vertical shoots 
(table 6). But the two eases are entirely different. For the vertical 
shoots the values given represent the entire shoot whereas in the 
horizontal shoots only a portion of the entire shoot is represented. 
In bending a lemon shoot, only about one-half of it can be brought 
into a horizontal position while the other part remains more or less 
in a vertical position. This latter portion of the shoot produces the 
most vigorous growth especially on the convex side of the bend. The 
growth of these sprouts if left undisturbed retards the development 
of the sprouts on the horizontal part of the shoot. 

Dormant Chinese lemon cuttings contain an abundance of starch 
but the few sprouts produced on the dorsal side, when grown in a 
horizontal position, apparently are able to utilize it since the starch 
has disappeared entirely when the sprouts have reached their maxi- 
mum length. Sprouts could not be forced out on the ventral side 
by preventing sprout growth on the dorsal side. If, however, on such 
shoots a few of the buds on the ventral side were notched above, 
growth took place from these buds provided the notching was done 
early in the season. 


ib ) Physical Charactekistics op Sap peom Dorsal anu VENTBAn 

Bark 

Before the beginning of the growing season succulent, one-year- 
oW lemon shoots were cut back to the mature wood and bent into a 
horizontal position. The horizontal portion of these shoots varied 
from 50 to 100 cm. in length. In May, when the sprouts on the dorsal 
side averaged a few centimeters in length, two sets of samples of 7 to 
10 shoots w^ere taken. This was repeated once every month through- 
out the growing season. One set w^as taken about 2 p.m, and the 
other before sunrise. The bark of the dorsal and of the ventral sides 
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were separated and thoroughly frozen. The material was then ground 
up in a meat chopper and the sap expressed with a hand press. The 
freezing point, the hj^drogen-ioii concentration and the viscosity of 
the sap were determined. 

For the freezing-point determination the ordinary Beckmann 
apparatus was used. The depression of the freezing point as read 
from the thermometer was corrected for under-cooling by the formula 
given by Harris and Gortner.® 

The per cent of total solids wms determined by means of a refrac- 
tometer according to the method employed by Gortner and Hoifman.'^ 
The viscosity was measured with an Ostwald viscosimeter at a tem- 
perature of 25° C. The Ph value was determined by comparing 
samples of sap with standard buffer solutions. The results are sum- 
marized in table 12 and presented graphically in figures 9, 10 and 11. 


TABLE 12 

Characteristics' of Sap from Horizontal Lemon Shoots. Upper Figures for 
Each Date Pertain to Dorsal Side of Shoot and Lower 
Figures to Ventral Side 



Samples taken in afternoon 

Samples taken in morning 

Date 

A 

Total 
solids 
; t%) 

Viscosity 
(H20 = 100) 
(seconds) 

Ph 


Total 

solids 

(%) 

Viscosity 

(HaO^lOO) 

(seconds) 

Ph 

i 

1 

May 1 

' 1.224 



5.9 

1,117 



1 5.8 


i 1 204 



5.8 

1 153 



5 9 

June 6 

.982 

14.60 


5 6 

.898 

12.50 


5 7 


1.005 

1 14 00 


j 5.7 

.938 

13.10 


5.6 

July 9 

1.067 

16 80 

190 

5,5 

.927 

15 30 

165 

5.6 


1.082 

16 80 

180 

5 5 

.925 

15.30 

160 

5.7 

Aug. 6 

1.066 

18.40 

200 

5. 5 

.918 

15.45 

170 

5.6 


1 056 

17 75 

195 

5.5 

.889* 

15.25 

170 ; 

5,6 

Sept. 25 

1.208 

21.00 

230 

6.0 

1.043 

17.65 ! 

195 

6.1 


1.217 

20 40 

220 

5 9 

.999 

16.40 

175 

6 0 

Oct. 25 

1.252 

21 40 

310 

5.8 

1.140 : 

19.60 

230 

5.8 


1 221 

20 80 

215 

5 8 

1 089 

18 05 

200 

5.8 


Refractometer and Viscosimeter were not available during the early part of the investigation. 
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OCA U i 1 1 1 1— 

jAayi. June 6. July 9 . AU9.6. SepLiS'. 0 tt.Z 5 . 

Fig. 9. Hori 2 ?CHital Eureka lemoa shoots. Freezing-point depression of sap 
of dorsal and ventral side. 





Rate of {I 
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It is apparent that the freezing-point depression of the sap of 
the afternoon samples showed practically no difference except in 
October, when the sap of the ventral side was less concentrated. In 
the morning samples the ventral side was more concentrated until 
July, w^hile during the rest of the growing season the reverse is 
the case. 

The curve of total solids follows in a general way that of the 
freezing-point depression. However, in the case of the afternoon 
samples, the per cent of total solids is consistently greater on the 
dorsal side except in July, ivhen the dorsal and ventral sides were 
alike. The morning samples gave similar results except that the 
order was reversed during June. 

The difference in viscosity between dorsal and ventral sides was 
small during the early part of the season but it wns very marked 
during October. 

The Ph values fluctuated so little that graphs are unnecessary. 

The most important point to be considered in the interpretation 
of these data is, whether any of these methods furnish sufficient 
evidence that the difference in behavior between the dorsal and the 
ventral side of horizontal lemon shoots can be related to differences 
in the sap during the initial period of growth. The determined 
differences in freezing-point depression and total solids, early in the 
growing season, were small and inconsistent; we cannot conclude 
from these data, therefore, that an actual general difference between 
dorsal and ventral sides existed. 

It is interesting to note the great differences in sap concentration 
between afternoon and morning samples. Sap from leaves and from 
the bark of the trunk also show this constant difference. 

Since none of the data obtained by the various methods mentioned 
indicate a difference in the sap of dorsal and ventral side early in 
the season, it was thought that there may be a difference in enzymatic 
activity. The studies of Ileinicke^^ suggest that the catalase activity 
of apple leaves and bark may be taken as one of the indicators of the 
nutritive or physiological condition of those tissues. A series of 
determinations were made in the manner described by HeinickeJ^ 
with the bark of dorsal and ventral sides of shoots similar to those 
nsed for sap studies. 
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The results are summarized in tables 13 and 14. It Avill be seen 
(table 13) that, although the differences are not great, yet they are 
constant. Until about August 20 the catalase activity was greater 
in the dorsal than in the ventral side of these shoots. It will be noted 
that this was true whether the shoots were in full sunlight or in the 
shade. The samples taken August 25 and September 15 showed a 
greater catalase activity on the ventral side. This difference in favor 
of the ventral side becomes very large as the shoots become older 
(table 14). 


TABLE 13 

RELA.TIVE Catalase Activity op Dorsal and Ventral Bark op Lemon Shoots 
WHICH WERE Bent into a Horizontal Position in the Spring op 1924. 
Samples Taken Between 7:30 and 10 a.m. 


Date (1824) 

Position of shoot 

Tissue 

Seconds required to liberate 1-6 cc. of 
oxygen 

1 

2 

3 

4 

6 

June 25 

Full simlight . .. . 

Dorsal . 

10 

20 

30 

60 

95 



Ventral. .. 

10 

20 

40 

75 

125 

July 14 

Partly shaded. . 

Dorsal 

7 

15 

30 

60 

95 



Ventral . 

7 

15 

35 

65 

105 

July 14 

Shaded , . 

Dorsal „ . 

7 

15 

35 

60 

95 



Ventral 

7 

20 

45 

80 

120 

July 14 

; Partly shaded. . 

Dorsal . . 

6 

12 

20 

40 

65 



Ventral . . 

7 

15 

30 

55 

85 

July 23 

Full sunlight .. , 

Dorsal .. 

7 

15 

30 

60 

95 



Ventral . 

7 

20 

40 

80 

125 

July 23 . . . . 

Partly shaded. .. 

Dorsal . . , 

10 

25 

50 

90 

120 



; Ventral ] 

10 

26 

55 

95 

135 

Aug. 11 1 

Shaded 

Dorsal 

7 

15 

30 

56 

95 



Ventral ... . 

7 

15 

35 

65 

116 

Aug. 11 

Shaded 

Dorsal . .. . 

10 

20 

36 

60 

105 



Ventral . . 

10 

25 

45 

70 

m 

Aug, 18 

Full sunlight 

Dorsal . 

7 

16 

35 

60 

95 



Ventral. 

7 

15 

40 

75 

110 

Aug 25 

Shaded 

Dorsal . . . 

7 

15 

35 

60 

95 



Ventral ,, 

7 

15 

30 

55 

85 

Sept. IS .. . 

Full sunlight . 

Dorsal 

7 

15 

40 

75 

105 



Ventral . , 

7 

15 

35 

60 

90 
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TABLE 14 


Eelative Catalase Activity op Dorsal and Ventral Bark op Horizontal 
Lemon Shoots, Samples Taken Between 7:30 and 10 a.m. 




Seconds required to liberate 1-6 cc. of oxygen 

Date (1924) ' 

Tissue 

1 

2 

3 

4 

6 

Shoots bent in 1923; 







July 25 

Dorsal . . 

7 

15 

25 

45 

70 


Ventral . 

5 

10 

20 

35 

55 

Aug. 20 

Dorsal 

7 

15 

35 

65 

100 


Ventral. . 

5 

10 

15 

25 

45 

Shoots bent in 1922: 







Aug. 11 

Dorsal 

15 

45 

100 

175 

255 


Ventral .. 

5 

7 

15 

20 

30 

Aug. 15 

Dorsal 

10 

30 

65 

115 

170 


Ventral 

5 

7 ^ 

10 

15 

20 

Aug. 18 

Dorsal 

10 

25 i 

60 

105 

160 


Ventral. .. 

5 

10 

17 

25 

40 

Shoots bent in 1920: 







June 23 

Dorsal, . . 

7 

15 

30 

60 

105 


Ventral . 

5 

10 

15 

20 

30 

June 25 

Dorsal. . . 

12 

35 

85 

150 

240 


Ventral . 

5 

10 

15 

20 

30 

June 26 

Dorsal . 

10 

35 

70 

120 

160 


Ventral. . .. 

5 

10 

15 

30 

45 

June 28 

Dorsal 

15 

45 

105 

170 

250 


Ventral . . 

5 

10 

15 

20 

30 


The dorsal bark o£ these older shoots is much thinner, peels off 
less readily and has a darker color than the ventral bark. 


(c) Discussion 

The results obtained with horizontal shoots justify the assumption 
that the initial period of sprout growth is governed by growth- 
promoting substances. The growing sprouts on the dorsal side seem 
“to be able to draw on the supply of growth-promoting substances 
which are contained in the dorsal as well as in the ventral side of 
the shoot. On this basis we can account for the fact that the reflexed 
shoots which produced two sets of laterals, produced approximately 
the same amount of sprout growth as shoots which remained in the 
original horizontal position. 
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Notching above a bud on the ventral side affects only that bud, 
which indicates that if there is a longitudinal movement of growth- 
promoting substances it is slight. A notch below the bud prevents 
the growth-promoting substances from reaching that bud. On the 
dorsal side of the shoot, it is impossible to say whether or not a notch 
above a bud is responsible for the outgrow'th of that bud, because 
the chances are even that it would have grown out without notching. 
But a notch below a bud on the dorsal side prevents growth, hence 
there must also be a slight longitudinal movement along the dorsal 
side. 

The initial period of sprout growth on horizontal shoots is evi- 
dently dependent on the supply of stored food reserves. This view 
is strengthened by the fact that notching on the ventral side, and to 
some extent on the dorsal side as well, is effective only until the stored 
food reserves are exhausted. 

With the methods employed the plant juices obtained from the 
dorsal and ventral sides do not show a difference in their physical 
properties. The data on catalase activity do not indicate that the 
enzyme is a factor in the initiation of sprout growth. If the small 
but constant differences in favor of the dorsal side of younger shoots 
(table 13) were significant, then we would expect sprout growth 
on the ventral side in older shoots because in this case the order is 
reversed (table 14). The reason for the great difference in catalase 
activity in older shoots is due to the fact that cambial activity is 
practically confined to the ventral side. A cross section shows this 
eccentric growth very clearly. 

It is not clear how the initiation of sprout growth can be explained 
on the basis of Child’s theory. We can say that by bending a shoot 
into a horizontal position a new metabolic gradient was set up, other- 
wise it would behave like a vertical shoot. But this does not furnish 
a basis for an explanation. Jones^’-^ however, obtained results with 
root cuttings of seakale which are in general accord with Child's 
conception of ‘‘metabolic gradients,” 

We may now consider the possibility of an inhibitory substance 
being responsible for the initiation of sprout growth on the dorsal 
mde. According to this concept the inhibitory substance is produced 
by the growing sprouts. As in the case of vertical dormant shoots, 
ihe chief objection is that during the initial period, the sprouts are 
d^her absent or, if present, they are too small to produce enough 
of this ’substance to inhibit growth all along the ventral side. It 
will be recalled that on some shoots the dorsal side was kept free from 
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sprouts for three years, yet no growth resulted on the ventral side. 
If we assume that there is a supply of the inhibitor in the dormant 
shoot which, as the shoot is bent, settles to the ventral side, it is 
difficult to see how this limited supply can keep the ventral side 
dormant for such a long time. 

Furthermore, when a horizontal shoot, bearing sprouts on the 
dorsal side, was bent in the opposite direction, a new set of sprouts 
developed from the dormant buds of the previously ventral side. 
This new set of sprouts is unable to retard the growth of the original 
set throughout the initial period. 

If we consider the second period of growth in contrast to the 
initial one, however, we find that the sprouts at the apex continue to 
elongate somewhat while those further back generally fail to produce 
the second growth cycle. We may assume that the apical sprouts 
produce an inhibitory substance which is responsible for this con- 
dition. But this influence is not so pronounced as in vertical sho'ots. 
When a shoot is bent, part of it remains more or less vertical. The 
bend does not affect the growth during the initial period, yet during 
the later period the rate of sprout growth at or immediately below^ 
the bend is far greater than that on the horizontal portion. As the 
shoot becomes older the horizontal part increases in diameter at a 
slower rate than the vertical part and finally ceases its growth. 


VI. SUMMARY 

1. The investigations here reported deal with the factors which 
govern the initiation of sprout growth on vertical and horizontal 
Eureka lemon shoots and Chinese lemon cuttings, 

2. When a vertical lemon shoot is cut back to the mature wood, 
sprouts are produced only from the uppermost buds. The length 
of the sprouts decreases from the apex downward. 

3. On vertical shoots, buds normally dormant can be released from 
dormancy by various mechanical means such as notching or girdling 
above a bud or wrapping tape around the upper portion of the shoot. 

4. The amount of sprout growth produced is in proportion to the 
size of the shoot or cutting. 

5. The temporary taping of the upper portion of a cutting divides 
it into t\vo physiological units, each of which produces sprout gvo’wti 
in proportion to the size .of the piece. There is no indication that the 
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sprouts on one portion inhibit the growth of sprouts on the other. 
This is also true of attached lemon shoots during the initial period 
of growth, but in the later growth the apical sprouts may slow up 
the rate of growth of subapical sprouts. 

6. A dormant mature shoot or cutting contains stored food reserves 
in proportion to the size of the piece. With proper temperature and 
moisture conditions the food reserves are transformed into growth- 
promoting substances. This transformation is probably a gradual 
one which begins at the apex. When the uppermost buds are taped 
the supply of growth-promoting substances in that region does not 
become available to the growing subapical sprouts. But these sprouts 
are able to draw on the supply of growth-promoting substances from 
below. 

7. This transformation of food reserves into growth-promoting 
substances would account for the initial period of sprout growth. 
The apical dominance exhibited during the later growth period may 
be explained on the assumption that an inhibitory substance is 
produced by the growing shoots which inhibits further elongation of 
subapical sprouts. 

8. Injecting various chemical compounds into dormant Chinese 
lemon and Ligustrum cuttings did not affect apical dominance. Fur- 
thermore none of the substances increased the normal amount of 
sprout growth. Introducing cane sugar and dextrose solutions into 
immature Chinese lemon cuttings also gave negative results. 

9. Horizontal lemon shoots or Chinese lemon cuttings produce 
sprouts on the dorsal side only. By bending a horizontal shoot in 
the opposite direction a new set of sprouts is produced from buds 
which would otherwise have remained dormant. By this method the 
total number of sprouts is practically doubled, but the total amount 
of growth produced is approximately the same as that produced by 
shoots which remained in the original horizontal position. 

10. Notching above a bud on the ventral side results in sprout 
growth from that bud. This operation is effective only during the 
early part of the growing season. A notch below a bud either on 
the dorsal or ventral side is not effective, 

11. No growth takes place on the ventral side when the buds on 
the dorsal side are burned out, but sprouts will appear from adven- 
tpcms buds on the dorsal side. Preventing sprout growth on the 
^rsal does not cause growth on the ventral side. 
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12. Compression or tension caused by bending a shoot has no 
effect upon the distribution of sprouts during the initial period. 

13. No differences in the physical properties of the sap of the 
dorsal, and ventral side were found at the beginning of the growing 
season. The determinations included freezing point, per cent of total 
solids, viscosity and hydrogen-ion concentration. 

14. The relative catalase activity was slightly greater on the dorsal 
side of younger shoots. As the shoots become older a greater differ- 
ence exists but the order is reversed. 
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INTRODUCTION 

Paper mulch is a term applied to a covering of specially prepared 
paper placed on the surface of the soil for the purpose of modifying 
soil temperatures, decreasing losses in soil moisture by evaporation 
and preventing or decreasing the growth of weeds. The paper mulch 
is extensively used in the Hawaiian Islands on pineapples and to 
some extent on sugar cane and certain vegetables. Farmers and 
vegetable growers in California are exporimenting with the paper 
mulch and manufacturers are putting on the market papers specially 
pi’epared for this purpose. 

There is very little literature bearing directly on this subject. 
The proceedings of the Annual Short Courses in Pineapple Produc- 
tion at the University of HawaiP' ® contain some discussions of the 
paper mulch, and a number of papers of a popular nature have been 
published in the news journals of the Islands. Mr. Charles P. Bckart,^ 
the originator and patentee of the method, and the manufacturers 
of mulching paper, report material benefits from its use, especially 
in weed control and in increased crop yields. In none of these 
publications is there any extended discussio-n of the effects on soil 
temperature or soil moisture. The Hawaiian Sugar Planters’ Experi- 

* Acknowledgments are due to Frofessor J. W. Gilmore, wko supervised tke 
planting and supplied all oiw data, and to Mr. E. V. Winterer, who cared for 
the thermographs and made » soil moisture determinations. 
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ment Station lias undertaken some studies of the effects of the paper 
covering in these regards, but no reports have yet been published. 
Unpublished data show a material increase in temperature and a 
considerable reduction in the loss of soil moisture where the paper 
mulch is used. 


EXPERIMENTAL WORK 

The experiments herein reported were undertaken to study the 
effects of the paper mulch on soil temperatures and soil moisture 
and the correlated effects on growth and development of certain 
crops. A plot of land about 30 X 60 ft., on the campus in Berkeley, 
was prepared by thorough cultivation and the removal of all stones, 
hard lumps and trash. Three crops were chosen for trial — ^milo, beans 
and potatoes — ^because they represent plants of different vegetative 
and fruiting habits. A further consideration was that milo is not 
suited to Berkeley conditions, while beans and potatoes normally do 
well here. The crops were each planted in three 60-foot rows placed 
approximately 36 inches apart. After the plants were np and well 
established, the paper covering was placed on the south half of the 
tract. The plots were prepared, the crops planted and thermographs 
installed early in May. The paper covering was laid on May 17, 
and temperatures were recorded from that date. Observations were 
continued to August 25 (ten days after the beans were harvested) 
giving a total record of 100 days. 


Paper 

Unperforated paper, weighing about 12 lbs. to the 100 square feet 
and impregnated and coated on both sides with asphaltic material, 
was used as the mulch cover. This was placed on the ground between 
the rows after the plants were well up, the paper being fitted tightly 
against the rows of beans and corn, and around the individual potato 
plants. The paper was held in place by lath placed along each edge 
and fastened down by long wire staples thrust into the soil. The 
potato plot had additional lath crossing the paper strips at intervals. 
It is necessary that the paper be well fastened down, otherwise it tvill 
be pulled loose and blown away by winds. Lumps and stones must 
be removed as they will cause the paper to break, and give access 
to the wind, which will tear and blow the paper. The location and 
layout of the plots, position of thermographs and the method of 
fastening the paper are shown in figures 1 to 4. 
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Fig. 1.— Location of covered (C) and bare (B) plots in gardens north of 
Hilgard Hall. The potatoes are nearest the fence (left), beans in the middle, 
and milo on the right. ^ 



plots, June 28, 3^24. Kote lath on either side of the rows and 
across middle to hold the paper. - Potato results disregarded because of uneven 
stand due to poor seed and variation in soil. 
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Fig. 3. — Milo plots, June 28, 1924, from the covered end. Note the lath on 
either side of the ro’ws to hold the paper. These were fastened by wire staples 
thrust well into the ground. 



Fig. 4. — Mlo and bean plots, June 28, 1924, from the bare end. The two 
thermographs can be seen within the shelters in the bean plots. 
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Thermometers 

Two recording thermographs were used; one recording soil tem- 
perature only, the other recording both soil and air temperatures. 
The thermographs were placed in box shelters, mounted on posts 
about 18 inches above the soil surface, the thermometer bulb being 
buried in the soil about four feet north of the shelters, well away 
from any effect of shading or radiation from the shelter. The bulbs 
were placed in the soil in a horizontal position with the top of the 
bulb three inches below the soil surface, the 'wire tube to the thermo- 
graph being covered to a greater depth, and led up to the instrument 
in a wooden case. The thermographs were inspected daily, and were 
cheeked against mercury thermometers at intervals. The resulting 
records are complete, except for one period when the clock in one 
instrument was out of order; and another 'when the recording pen 
failed to leave its mark during the period of highest temperature. 


Weather 

The weather conditions throughout the experiment were normal, 
although the amount of fog was rather low. The Weather Bureau 
records show that there were 48 clear days, 17 cloudy days and 35 
partly cloudy days. There was .07 in. rain on June 9, .01 in. on 
August 18, and a trace on August 19. During this period the winds 
were gentle, except on May 29 and 30, when there was a strong wind 
blowing from the north. 

The records of the air temperatures over the plots are somewhat 
misleading in that the maximum on the bright sunny days is exces- 
sively high. This is due to the lack of ventilation in the instrument 
shelter, and the undue heating by radiation from the box covering. 
On cloudy days this was not noticeable, and during the night the 
recorded air temperatures appear to be correct. 


Soil Temperatures'^ 

The temperatures of the bare and covered plots and of the air 
are shown graphically in figures 5 to 11. Figure 12 shows one of 
the original thermograph sheets, giving the record of the covered plot 
and of the air for the week beginning June 30. 

* Temperatures reported throughout this paper in degrees Fahrenheit, 



i'ig. 5. — Temperature records reproduced from thermograph sheets. A — for 
week of May 19 to 26, B — for week of May 26 to Juue 2. 
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week of June 2 to 9. 1) — for week of June 9 to 16. 







349 













Apr., 1926] Shaw: The Effect of a Paper Mulch on Soil Temperature 351 



Fig. 10.’ — Temperature records reproduced from thermograph sheets. K — for 
week of July 28 to August 4. L — ^for week of August 4 to 11. 
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Pig, 12, — ^Eeproduction of original of thermograph record sheet showing tem- 
peratures of the covered plot and the air for the week of June 23 to 3G. 
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A study of these records shows the relation of the soil tempera- 
tures to that of the air. In a period of rising temperatures, with a 
relatively long heated period each day, as from May 25 to 29, there 
is a corresponding rise in both the maximum and minimum soil 
temperatures. The rise in the soil temperatures, although slow and 
of small magnitude, is definite. The effect of a single, very cold day 
is shown by the almost total lack of the usual afternoon rise in soil 
temperatures on July 4 and August 7. The soils appear to respond 
more strikingly to the low than to the high temperatures. This may 
in part be due to the more prolonged periods of low temperatures, 
as compared with the much briefer period of high. It may also be 
due in part to the damping influence of the soil depth and a lag due 
to heating the mass of soil above the bulbs of the thermometers. A 
study of the temperature records shows that there was no seasonal 
increase in the temperature of the soil at this depth, during the 
period of the experiment, the average weekly temperatures rising or 
falling slightly in response to the variations in air temperature. 

The rate at which heat penetrates the soil and the effect of the 
covering is shown by the lag or delay of the maximum or minimum 
soil temperatures behind those of the air. The thermometer bulbs 
were covered by three inches of soil which had to be warmed by the 
absorbed heat before a change could occur. An analysis of the figures 
shows that in reaching the maximum, the covered soil had a mean 
lag of about 3 hours 31 minutes, while the bare plot delayed 5 hours 
48 minutes after the maximum air temperature had been reached. 
The covered plot reached its minimum temperature 5 hours 7 minutes 
after the air, while the minimum of the bare plot was 6 hours 28 
minutes behind the air. The total period of cooling of the ‘Covered 
plot, however, averaged 45 minutes longer than that of the bare 
plot. 

The lag of the bare plot behind the covered plot is maintained 
quite consistently throughout the full period. Figure 13 shows the 
soil temperatures on two warm days — May 27 and 28 — and on two 
cool days— July 15 and 16. On each of these four days the bare 
plot was two to three hours behind the covered plot in reaching the 
maximum temperatures, while the minimum for both plots was 
reached at approximately the same time each of the four days— about 
8 A.M. The average hourly difference in temperature between the 
covered and bare plots for the full period of the experiment is shown 
in figure 14. The two plots averaged about the same from midnight 
to 2 A.K., the covered plot was .38'" warmer from 2 to 4 a.m,, ,75^ 
warmer from 4 to 6 A.M., 1.15° warmer from 6 to 8 a.m., 1.91° warmer 



Apr.j 1926] Shaw: The Mjfect of a Taper Mulch ow Soil Temperature 355 


from 8 to 10 a.m., 3.05° wai-mer from 10 to 12 noon, 3,07° warmer 
from 12 to 2 p.m., 1.11° warmer from 2 to 4 p.m., 1.92° cooler from 
4 to 6 P.M., 3.21° cooler from 6 to 8 p.m., 1,51° cooler from 8 to 10 p.m., 
and .53° cooler from 10 p.m. to midnight. 



Pig. 13. — Enlarged curves showing temperatures on two warm and two cool 
days. 

A — May 27 and 28 were two warm days, the air maxima being 94® and 112®, 
while the minima were 46® and 51®. 

B — July 15 and 16 were two cool days, the air maxima being 80® and 75®, 
while the minima were 43® and 40®. 



At^£FA6E HOUPiy DJFF£/?£NCE IN TEAfPE^ATUFE 
OF COyEPED AND BANE PLOTS 

Kg. 14. — The hourly difCerences ia temperature of the bare and covered plots, 
averaged for the full time of the experiment. 
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Figure 15 shoivs the time-frequency occurrence of the minimum 
and maximum tempei'atures for the air and the bare and covered 
plots. Minimum temperatures for the air thermometer occurred 
irregularly between 8 p.m. and 6 a.m., the mean perioa being about 
2:30 A.M., although the most frequent occurrences were 4 a.m. of 
days) and 5 a.m. (% of days). The covered plot reached its mini- 
mum about 7 :30 a.m., while the bare plot was coldest about 8:50 a.m. 
The bare plot lagged about one hour and twenty minutes behind the 
covered plot in cooling to its minimum daily temperature. On three 
nights, however, the bare plot reached its minimum one hour earlier 
than the covered plot, and on sixteen nights they reached this point 
at the same hour. 

Maximum temperatures for the air thermometer occurred irregu- 
larly between 10 a.m. and 6 p.m., the mean being about 1 p.m. and 
the mode lying between 12 and 2 p.m. The bare plot reached its 
maximum about 6 :45 p.m., the mode lying between 6 and 8 p.m., while 
the covered plot reached its maximum temperature about 4:30 p.m., 
the mode lying between 4 and 6 p.m. The covered plot reached its 
maximum tAvo hours before the bare plot. 

The soil in both plots was warmer during the night than during 
the day, but the cOA^ered plot maintained a more even temperature 
with a much narrower range between the daily minima and maxima. 
The average daily range in temperature was 8.58*^ for the covered 
plot, 11.07° for the bare plot, and 31.03° for the air, while the 
extremes in any day ranged from 3° to 13.5° for the covered plot, 
from 1° to 19.5° for the bare plot, and from 14° to 61° for the air 
thermometer. The actual minimum and maximum temperatures 
reached during the period of the experiment were : Covered plot, 63° 
and 80°, bare plot, 60° and 84°, air thermometer, 39° and 112°. All 
the maxima Avere reached on May 29, but the minima Avere recorded 
on different dates. 


Need for Continuous Records 

In temperature studies where continuous records are not available, 
soil temperatures are usually read at stated intervals, often only twice 
or three times a day. If different plots or treatments are being com- 
pared, the results may be quite misleading. The lag of one treatment 
might be much greater than that of another and the time of reaching 
maximum or minimum temperatures might differ by an hour or 
more. The need for continuous records in soil temperature work is 
strikingly brought out by this study. 
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Thermal Differences 

Thermal differences were determined by measuring on each of 
the original record sheets (by planimeter) the area above the 60° line 
as a base, and calculating the degree-hours above 60°. As neither 
plot cooled below 60° at any time during the experiment, there were 
no negative values. The results are given in table 1, which shows 


TABLE 1 

Difi’erences in Total Weekly Temperatures op Bare and Covered Plots 
Determined by Calculating the Total Number of Degree-Hours 
Above 60° as a Base 


Date, week 
ending 

Hours of 
record 

Degree-hours above 60*^ for the 
week 

Decree-hours 
difference 
for week* 

Decree-hours 
diJfference 
per hour* 

Covered 

Bare 

5/19 

72 

588 

476 

+ 112 

+1 55 

5/26 

164 

1045 

783 

+ 262 

+1.60 

6/2 

172 

2078 

2213 

- 135 

-0.79 

6/9 

169 

1162 

1362 

- 200 

-1 16 

6/16 

168 

1497 

1533 

- 36 

-0 21 

6/23 

166 

1850 

2032 

- 182 

-1 09 

6/30 

170 

1989 

2098 

- 109 

-0.64 

7/7 

168 

1767 

1767 

0 

0 

7/14 

167 

1634 

1717 

- 83 

-0 50 

7/21 

169 

2031 

1945 

+ 86 

+0.51 

7/2 a 

167 

1868 

1856 

+ 13 

+0.08 

8/4. 

168 

1868 

1605 

+ 263 

+1 56 

8/11 

170 

2042 

1828 

+ 214 

+1.26 

8/18 

165 

1945 

1570 

+ 375 

+2.27 

8/25 

164 

2125 

1672 

4- 453 

+2.76 

Total. .. 

2419 

1 

25,489 

24,456 

+1033 

+ .42 


~ =Bare plot warmest; -{-=Covered plot warmest. 


that the bare plot was warmer during six weeks, the covered plot 
warmer during eight weeks, and the two identical one week. The 
bare plot was consistently warmer from May 26 to July 14, while 
the eovered plot was warmer before and after that period, the differ- 
ence becoming more marked toward the latter part of the season. 
There is evidence that this seasonal difference may be due to variations 
in shading by the growing plants. The thermograph bulbs were 
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placed just west of the raiddle row of beans, and during mid-season 
were shaded to considerable extent. When the paper was put in place, 
the beans had developed but two pairs of leaves, and during the 
first three weeks there was little shading. By August first the beans 
were ripening, the leaves curling, and the shading was progressively 
decreasing. They were harvested on the 15th, and the records show 
that during the last two weeks — August 11-18 and 18-25, the covered 
plot showed by far the greatest increase of temperature over the 
bare plot. The totals show that the covered plot was warmer by 
1033 degree-hours above 60° for the full period, or an average of 
.42 degree-hours per hour. A parallel study of the temperature 
differences (table not shown in this paper) by two-hour intervals 
throughout the full period, indicates that the covered plots were 
warmer during 1400 hours by an average of 2.16 degrees per hour, 
the bare plots were warmer during 634 hours by an average of 3.29 
degrees per hour, while both were the same during 208 hours. The 
total difference in degrees, divided by the number of hours, shows 
the covered plot to be warmer by an average of .417 degrees per hour, 
closely correlating with the results obtained by the planimeter meas- 
urements given in table 1. 


Soil Moisture 

The soil at the beginning of the experiment, on May 16, was moist 
and in ideal condition for crop growth. It was intended to study 
the effect of the paper covering on the soil moisture conditions 
throughout the experiment, but on May 24 the bare plot received 
an unauthorized irrigation, and on July 23, a broken water line 
flooded a portion of the covered plot. Soil moisture determinations 
having been started, were continued at weekly intervals throughout 
the full period, though it is felt that they may not be indicative of 
true conditions. These data are given in table 2 and indicate no 
moisture deficiency throughout the season, although the surface soil 
of the bare plots had become rather dry by August. As shown in 
figure 16, which gives the average moisture to a dept of 18 inches, 
there is a progressive decrease in the amount of water present from 
the beginning to the end of the experiment. The irrigation of the 
bare plot in the third week, and the flooding of the covered plot in 
the twelfth week cause characteristic breaks in the curves. From the 
data as presented, the paper mulch seems to have decreased the water 
losses from the upper eighteen inches of soil, the bare plot from the 
sixth to the tenth weeks containing an average of from ,5 per to 
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4 per cent less moisture than that in the bare plots, or, if expressed 
as percentages of the total moisture present, a loss of from 4 to 20 
per cent, a large part undoubtedly coming from the upper six inches. 
Had it been possible to sample the stony subsoil below 18 inches, this 
diiference would be much reduced. 

TABLE 2 

Soil Moisture in Bare and Covered Plots 
(Per cent on dry "weight basis.) 

Bare Plot 


Depth 0-3 inches 3-6 inches 6-9 inches 9-12 inches 12-18 inches 18-24 inches 

5/17.. . 21 82% 26 46% 21 70% 20 70% 24 63% 

5/24 22 45 23.50 22 00 20 30 21 62 18 40%, 

5/31*. . . . 18.91 32.10 25.02 20 90 22.21 

6/7 17.53 21 02 22 99 19 44 20.00 19 91 

6/14 22 75 21 22 17 91 17 05 20.00 

6/21.. 14 89 17.25 14.12 18.60 9.11 

6/28 14.27 18.00 16 80 21.88 10 52 5.62 

7/7 13.70 15.60 14.00 15 60 11 71 17,71 

7/12 6 94 13.19 12.15 13 59 22 80 

7/19 12.54 14.10 12.99 10 84 12 40 17.75 

7/26 12 28 15 28 14.88 13.45 13.54 16 54 

8/2 6 03 13.40 13.71 12.53 17 06 19.33 

8/9 8.14 10 15 12.22 12 08 14.25 13 30 

8/18 5.32 8 79 14.09 11.32 12.72 16.81 


* Plot irrigated by furrow method on afternoon of May 24th 


Covered Plot 


Depth 

0-3 inches 

3-6 inches 

6-9 inches 

9-12 inches 

12-18 inches 

18-24 inches 

5/17 

23 10% 

27.50% 

24.30% 

22.82% 

21.72% 


5/24 

14 95 

23,95 

20.50 

19 32 

18.10 


S/31 

21.64 

27.84 

22.94 

18 92 

20 95 


6/7 

16.25 

25.13 

22 05 

17 83 

14 39 


6/11 

18.44 

22,02 

18.69 

16 72 

17.35 


6/21 

15.17 1 

19.20 

17.78 

15 74 

20.35 

20.28% 

6/28. 

9.71 ! 

28 88 

15 39 

13.64 

17 85 

17.62 

7/7 

10 50 i 

16.32 

15 39 

12.60 

1 16.97 

16.91 

7/12 

11,28 

14.97 

15.23 

11.72 

16.30 

17.61 

7/19 

9,05 

14 48 

7.88 

! 15 42 

14.96 

16.84 

7/26 

8.11 

13,62 

12.23 

1 10.66 

15.62 

18 32 

7/30* 

29.85 

! 31.65 

27.00 

22.39 

21.72 

17.51 

8/2 

34. 10 

: 24.25 

20.90 

23.78 

22.49 

21.10 

8/9 

23.40 

22.22 

19.35 

19.70 

18.64 

14.78 

8/18 

* 1 _ a . 

27.10 

21.23 

20. 15 

19.86 

19.15 

• 17.95 


found^Io^Wndf^th^ flooded by accident on July 28. sampled on July 30, A dry, compact layer 
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The application o£ the water had no apparent effect on the soil 
temperature, there being no break or modification of the tempera- 
ture curves. As the water came from pipes buried in the ground, 
it probably was close to the temperature of the soil at the time of 
application. 



'I 

'I 


Pig. 16. — The average content of soil moisture to a depth of eighteen inches 
in the bare and covered plots throughout the experiment. 


Crops 

The crops planted were beans, milo and potatoes. Beans and 
potatoes do fairly well in Berkeley, and it was thought that they 
would give an indication of the response of a seed and a tuber crop 
to any differences in soil temperature which might result from the 
mulch. Milo was selected because it does not thrive here, it being 
thought that if the temperature of the covered plot was higher than 
that of the bare, the increased heat in this plot might result in better 
growth and development. 

The irrigation on May 24 and the flooding of July 23 altered the 
crop growth to some extent, particularly that of the milo. The 
stand and growth of potatoes was so irregular and uneven, owing to 
poor seed and to soil differences that they were wholly disregarded 
in estimating the results. During the season the milo on the bare 
plot appeared a little better than that on the covered plot, but both 
made short irregular growths, forming heads with but few or no 
seeds and the evidence regarding this crop is therefore of little value. 
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On June 7, the beans were coming into bloom on both plots, with 
those on the bare plot looking somewhat the better. Fi^e bean plants 
and sixteen milo plants were taken from each plot, care being taken 
to select uniform and average plants. The stems were cut at the 
ground surface and were weighed green, then dried and again 
weighed. The weights are given in table 3. 


TABLE 3 

Wetghts of Plants Harvested June 7 




Covered 

Bare 

5 bean plants . 

Green weight 

505 6 gr. 

615.9 gr. 

5 bean plants 

Dry weight 

88.5 gr. 

98.5 gr. 

16 milo plants 

Green weight 

173 7 gr. 

225 1 gr. 

16 milo plants 

Dry weight. 

26.5gr. : 

32 4 gr. 


On August 7, the beans were at full maturity and turning yellow, 
a few leaves had fallen and the pods were well ripened. Five plants 
were again harvested, dried and weighed with the results shown in 
table L 


TABLE 4 

Dry Weight op Beans Harvested August 7 



Covered 



Bare 

Weight of beans 

283.0 gr. 

300.0 gr. 

Weight of pods 

102.0 gr. 

118. Ogr. 

Weight of plants. 

215.5 gr. 

232.5 gr. 

Total dry weight 

600. 5 gr. 

650. 5 gr. 


The beans were harvested on August 15, and threshed on August 
SO, A count of 23 plants from each plot showed 506 pods from the 
covered and 570 from the bare plot or an average of 22 pods and 
24.8 pods per plant. The total harvest is given in table 5. 


TABLE 5 



Total nuinber 


Equivalent yield 


of plants 

Yield 

per 100 plants 

Covered. 

122 

4.2 kg. 1 

3.4425 kg. 

Bare 

208 

8.8 kg. 

1 

4.2307 kg. 
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These various figures show that the beans did considerably better 
on the bare plot, with the milo giving indications in the same direc- 
tion. The accidental irrigation may have modified these results some- 
what, but as neither plot showed any deficiency of water during the 
season, the results of growth and yield are considered representative 
of the effects of the treatment. 

The fact that the paper was not perforated, and aeration therefore 
restricted to some extent, might account for some differences in yield 
and growth. The papei’S used in mulching are usually perforated. 


CONCLUSIONS 

Covering the soil with an asphalt-coated paper increased the mean 
temperature of the soil by an average of about .42 degree per hour. 
The covered plots were warmer 62.5 per cent of the time, the bare 
plots warmer 28.3 per cent of the time, and they were the same about 
9 per cent of the time. The covering hastened the time of warming, 
retarded the rate of cooling, and gave a narrower range between the 
maximum and minimum temperatures with a resulting more uniform 
temperature condition. The experiment demonstrates that a paper 
covering modified the delay or lag in reaching maximum or minimum 
soil temperature and emphasizes the need for continuous records in 
any soil temperature studies where differences in treatment or shading 
may occur. 

Soil moisture losses from the upper eighteen inches that were 
sampled were reduced to an appreciable extent by the paper covering, 
much of the loss from the bare plot apparently being due to the 
drying out of the upper six inches. The water present at the end of 
'the experiment was still above the wilting point and there was no 
moisture deficiency in either plot. Crop yields indicate that the 
covering is of no benefit to any of the crops grown, the figures actually 
indicating an adverse effect. 

Prom the results of this experiment, it is evident that while the 
use of the paper mulch cover may conserve the moisture to some 
extent, they give no indication that it will favorably affect the growth 
of crops under such climatic conditions as exist in Berkeley. 
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SUMMARY 

The paper mulch is extensively used in the Hawaiian Islands, and 
is being tried out in other parts of the United States. An experiment 
was carried out in Berkeley, using a paper of medium weight as a 
muleh, with potatoes, miio and beans as crops. 

Thermograph bulbs were placed in the soil at the dept of 3 inches 
below the surface, and continuous records of soil temperatures for the 
covered and bare plots obtained. 

The temperatures show that the cohered plot lagged about one 
and one-third hours behind the bare plot in reaching the minimum 
temperature, while the hare plot lagged about two hours behind the 
covered plot in reaching the maximum. 

The average daily range for the covered plot was 8.58°, and for 
the bare plot was 11.07°, The covered plot averaged about .42 degree 
per hour warmer than the bare plot. The use of paper gave more 
uniform and slightly higher soil temperatures. 

The soil moisture gradually decreased during the season, except 
when accidental irrigation increased the supply. The covered plots 
lost water more slowly than the bare plots but neither showed any 
deficiency of moisture during the period of the experiment. 

The growths of potatoes and of milo were unsatisfactory and the 
yields were not considered. The beans did considerably better on the 
bare plot. 
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POLYEMBEYONY, HETEROZYGOSIS AYB 
CHIMERAS IN CITRUS^ 

HOWABD B. FKOST 


INTKODUCTION 

The genus Citrus is characterized by remarkable genetic variability, 
both in seed reproduction and within clonal varieties. An hybrid 
progeny usually exhibits great genetic diversity (Swingle, 1913a), 
suggesting the Fg generation from a cross between races differing 
in many genes. Bud-variation types arise frequently, and involve 
changes in many characters of tree and fruit (Shamel et al., 1918, 
19186, 1920). 

With any tree fruit, considerations of time and expense seem to 
make thorough genetic analysis impracticable; with Citrus, poly- 
embryony appears to render it even theoretically impossible. Such 
remarkable genetic phenomena, however, occurring in a group of such 
great economic importance, deserve the best interpretation possible on 
the basis of the theory of heredity worked out with organisms more 
suitable for genetic study. 

The present paper reports evidence, obtained from the pedigree 
cultures of Citrus at the Citrus Experiment Station, bearing on the 
relation of apogamy to genetic variation in Citrus. It also includes 
preliminary data which can best be presented in a general publi- 
cation preceding detailed reports on limited problems. A compre- 
hensive review of the literature of Citrus genetics is not attempted, 

1 Paper No. 135, University of California, Graduate School of Tropical Agri- 
culture and Citrus Experiment Station, Biverside, Calif. 
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but the principal pnblislied evidence is briefly discussed, and an 
attempt is made to evaluate its general significance and to indicate 
clearly the outstanding problems. 

The various Citrus forms mentioned in this paper will usually be 
designated by their ordinary English names. These names, with the 
corresponding Latin names according to Swingle (1914, 1914u^ 1915) 
except for the species recently discussed by Merrill and Lee (1924), 
are as follows: kumquat, Foriunella spp. ; lemon, C. Limonia Osbeck; 
mandarin, tangerine, etc., G. nobilis and varieties (King mandarin 
or orange, G. nobilis Lour. ; Willow-Leaf or China mandarin and Dancy 
tangerine, G. nobilis var. deliciosa Swingle; satsuma, G. nobilis var. 
Unshiu Swingle) ; sweet orange (often called simply orange’^ in this 
paper), G. sinensis Osbeck; sour orange, C. Aurantium L. ; pummelo 
(including grapefruit and shaddock), G. maxima (Burm.) Merrill. 
The eitranges are hybrids between C. sinensis and trifoliate orange 
(Poncirus (Gitrus) trifoliataB^Sil,)- 

Since the ‘^Satsuma orange, or “Satsuma mandarin,^’ is classed 
by Swingle as a distinct botanical variety, and includes several horti- 
cultural varieties (Scott, 1919), the name satsuma is here used as a 
common noun, synonymous with the Japanese unshiu. There seems 
to be no good English group name for the King type. 

‘ In accordance with Swingle (1914a, 1916) and Merrill and Lee 
(1924), grapefruit is used for the type of G, maxima (var. uvacarpa 
Merrill and Lee) commonly cultivated in America. The general 
American public has not accepted pomelo as the name of this fruit, 
and the authors just cited show that its acceptance is not desirable, 
since pummelo (Swingle, 1916), spelled in various ways, is widely 
used in other countries for the shaddocks and forms intermediate 
between shaddocks and grapefruit. Since it is very convenient to 
have one English name that is applicable to the whole species, and 
pummelo is in use for a great range of types, while grapefruit and 
shaddock are definitely established in the United States and the West 
Indies to designate extreme forms, it seems desirable to include under 
the term pummelo all forms belonging to the species Gitrus maxima 
(C, grandis Osbeck). Swingle (1916, p. 2751), in one brief reference, 
seems to advocate this delimitation of the term, although elsewhere 
he (1914a., 1916) excludes the grapefruit, which is little grown in the 
Oriental regions where the name pummelo is in general use. The 
somewhat extensive use of pomelo for the grapefruit in American 
horticultural literature is a further reason for applying pummelo to 
the whole species, instead of excluding the grapefruit. This appli- 
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cation of the term is of decided advantage in horticultural naming of 
hybrids of grapefruit; t angel o (from iangerme and pomelo) is 'well 
established in horticultural literature, and such forms as lemelo and 
mandelo are likely to be needed. 

In the following discussion of Citrus genetics, it is concluded^ from 
the available 'evidence^ that Citrus forms are in general extremely 
heterozygous, as the Hagedoorns (1914) have suggested. This con- 
ception seems highly significant in relation to various aspects of 
Citrus genetics. In the evolution of this heterozygosis, polyembryony 
probably was an important factor. 

1 do not wish to appear, however, to prejudge the ease, either in 
general or with reference to any particular instance or type of vari- 
ation here considered. Certain alternative explanations and possible 
objections will therefore be mentioned at this point. 

Some of the variations are certainly very remarkable ; for example. 
Swingle’s (1913a) lemon-trifoliata hybrids which bear hypophylls 
instead of normal leaves, and his citranges bearing many leaves with 
five leaflets. The different combinations in Fj hybrids from one cross 
(as the citranges of Webber and Swingle), of various parental char- 
acters, even of ones that seem to be respectively characteristic of the 
parent species, suggest the variability of dominance which Swingle 
has inferred to exist. It may be that trees with extra chromosomes 
occur frequently among the sexual progeny^ generally, as it appears 
that tetraploid trees do among the apogamic progeny in our cultures. 
This or some other exceptional or little known cause may account for 
some of the striking variations among hybrids. * ‘ Zygotaxis, ” the 
hypothesis proposed by Swingle (1913a-) as a possible general expla- 
nation of the great variability of Citrus hybrids, is especially discussed 
below, in the section on ^^Heterozygosis.” 

Recent work on Oenothera cytology (S. H. Emerson, 1924) indi- 
cates that chromosome behavior in that genus differs widely from the 
Drosophila type which seems so widely prevalent. In a few of our 
parent varieties which have been examined cytologically, however, it 
'appears that the chromosomes usually pair and separate normally at 
meiosis in the pollen mother cells, and as a rule produce normal- 
appearing pollen tetrads. It is therefore improbable that a majority 
of their hybrids have aberrant chromosome numbers, unless chromo- 
some elimination after fertilization is very common in hybrids. The 

2 In the interest of conciseness, the terms apogcmio and sexuM will frequently 
be used in this paper, combined with such words as embryo, seedlim^, and progeny, 
in the sense of '^produced by apogamy^’ and produced by fertilization,'^ 
respectively. 
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high variability of Citrus hybrids is, however, a very general 
phenomenon, not limited to a minority of the individuals. Further, 
enough is known, in general, of the production of new characters by 
new combinations of genes in crossing, to warn us against setting any 
narrow limits to the probable results of recombination in crosses 
between two highly heterozygous species. On the other hand, a new 
warning against undue confidence in gene stability is given by 
Eyster's (1924) recent hypothesis of qualitative division of certain 
genes. Possibly genes specially affecting other characters are some- 
times unstable in the same way as are certain genes relating to 
variegation. If Citrus is especially notable for the occurrence of such 
unstable genes, this fact may account for part of the remarkable 
variability that is observed. 


POLYEMBEYONY 

Citrus seeds are frequently polyembryonic. Strasburger (1878, 
1907) showed that the supernumerary embryos are formed by pro- 
liferation of nueellar cells surrounding the embryo sac. These 
adventitious embryos may be expected, therefore, to reproduce the 
seed-parent genotype, without variation due to segregation in sporo- 
genesis or to recombination in fertilization. 

Citrus polyembryony is not entirely due to nueellar budding, 
however, for in 10 (probably 11) cases in our cultures, among more 
than 1000 hybrids, two hybrid seedlings have come from one seed. 
The seeds were planted separately, and all operations on which the 
reliability of the pedigrees depended were so carefully performed and 
cheeked that the single-seed origin of the pairs of seedlings is beyond 
doubt. The budding and consequent labeling were done with similar 
care. In eight of the ten cases, both of the original seedlings, as well 
as trees budded from them, have been positively classified as hybrids ; 
in the ninth case, both of the small seedling trees are almost surely 
hybrids, as the budded trees certainly are ; and in the tenth case one 
seedling died undescribed, so that its record depends on budded trees 
alone. In the eleventh case, one of the two seedlings died young, 
and their separateness below the surface of the soil was not proved. 
Since in every case the two hybrids seem to be identical in type, in 
spite of the usual great diversity among hybrids of the same parent- 
age, it is probable that these are all cases of ^‘identical twins,'’ each 
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pair being derived from one fertilized egg. The seed-parent varieties 
that have produced identical -twin hybrids are ; King, Owari satsuma 
and Willow-Leaf (0. nobilis ) ; Ruby and Valencia {G. sinensis) ; ana 
Imperial (C. maxnna). Part of the pollen parents are indicated in 
footnote a to table 2 ; those concerned in the three cases from earlier 
cultures were Dancy and Willow-Leaf. 

Less than one per cent of our hybrid-producing seeds have given 
two hybrids each. Since the apogamie progeny from crossing (recog- 
nized by their strictly maternal characters) have been nearly three 
times as numerous as the hybrids, it is plain that the fission or budding 
of sexually produced embryos plays only a minor part in the total 
production of supernumerary embryos. Since the number of apogamie 
embryos per seed is indefinite, occasional fission in apogamie embryos 
may occur, but could be detected only by microscopic examination. 

As is shown by the data of table 1, Citrus seeds are highly variable 
in number of embryos. The embryos examined were highly variable 
in size and often irregular in shape. Some were very small, and 
possibly some smaller ones escaped observation. 

There must be, therefore, much opportunity for competition among 
embryos within Citrus seeds, and it may be that many are eliminated 
at early stages of development. There is plainly much opportunity 
for the fertilized egg to be crowded out by apogamie embryos. The 
chances of such elimination must depend largely on the number of 
adventitious embryos that start, and on the position and the relative 
age and vigor of the two classes of embryos. Comparison of table 1 
with the Total seedlings column of table 2 indicates that very many of 
the apogamie embryos fail to germinate. Germination must therefore 
give much opportunity for selective elimination; survival may be 
determined by diiferences in size, vigor, position, morphological com- 
pleteness, and susceptibility to infection. Albinism (pp. 377-379) 
causes the early death of many of the seedlings from some parents. 

Citrus presents therefore one form of the ^^developmental selec- 
tion^' (natural selection acting within the soma of the parent) whose 
evolutionary significance has been discussed by Buchholz (1922). 
Many of the embryos from fertilized eggs must compete with apogamie 
embryos in the same seed, and with such embryos in other seeds of 
the same fruit. Genotypes inferior in vigor to the seed parent must 
be more severely handicapped in Citrus than in forms where com- 
petition is between ordinary monoembryonic seeds. On the other 
hand, viable sexual embryos are entirely unnecessary for reproduction, 
provided apogamie embryos are able to develop. The added difficulty 
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Mean 
embryos 
per seed 

1.0 

1.1 

1.2 

1.3 

2.0 
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Sweet lemon(6) 

Lisbon lemon (6) 

Eureka lemon (5) 

Ruby (blood) orange (c). .. 

Mediterranean Sweet orange (c) 

Dancy tangerine (c) 

Imperial grapefruit (e) 
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Owari aatsuma(c) 

Willow-Leaf mandarin (c) 
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description by A. C. Austin. (e) In each case, one embryo with three cotyledons. 

(/) One embryo with four cotyledons. 

(g) A fruit with remarkably short, small seeds. 
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in Citrus breeding which results from the occurjenee of apogamie 
embryos has been pointed out by Webber (1900). 

It seems, however, that apogamie embryos do not often develop 
in the absence of fertilization. Strasburger (1907) states that ferti- 
lization precedes the formation of adventitious embryos, and that, 
while the latter are usually present, the sexually produced embryo is 
seldom absent. Webber (1905) reports that seeds have occasionally 
resulted from flowers protected from pollination, but considers that 
fertilization is usually a prerequisite for seed formation. In ordinary 
solid plantings of the Washington navel orange, a variety which, 
according to Osawa (1912), produces a few good embryo sacs but no 
pollen at all, seeds are very rare; yet, in my work and elsewhere 
(Coit, 1915), fruits from artificially pollinated flowers of this variety 
have very often contained seeds. I have obtained similar results with 
a variety of satsuma (evidently Owari; Scott, 1919) which from its 
usual seedlessness, the appearance of its pollen, and Osawa ^s (1912) 
cytological study of the ^^unshiu’’ appears to have little or no func- 
tional pollen. Out of 79 satsuma fruits from artificial cross-polli- 
nation by ^ ' seedy varieties, 66 contained seeds, while 34 fruits from 
flowers bagged for selfing on the same trees in the same two seasons 
were all entirely seedless. The fruits produced by varieties with good 
pollen, similarly bagged for selfing, usually contained seeds. Other 
observations agree with these. 

Altogether, it seems very probable that Citrus seeds do not often 
develop without pollination, although seedless fruits sometimes 
develop without pollination even in varieties normally seedy. In 
view of the abundant production of adventitious embryos, this fact is 
somewhat surprising. It would appear (Strasburger, 1907; Webber, 
1905) that the nueellar budding which produces the adventitious 
embryos is at least very largely dependent on some growth stimulus 
due to the fertilized egg. Although certain species hybrids, such as 
many citranges (Swingle, 1910) and the Sampson tangelo, seem to 
give apogamie progeny exclusively when selfed, this fact does not 
demonstrate their ability to form apogamie embryos without 
fertilization. 

In crosses between species, where the hybrids can usually be 
positively distinguished from the apogamie progeny, we may expect 
(see p. 369) to find a negative correlation between the percentage of 
hybrids and the amount of apogamy, characteristic of the seed-parent 
species — and also between percentage of hybrids and characteristic 
vigor of apogamie seedlings. 
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TABLE 2 


Numbers of Total Seedlings per Seed and of Hybrid Seedlings per Seed, 
FROM Interspecific Crosses 


Crosses involving tlie same seed parent combined, (a) 


Seed-parent variety(6) 

Number 
of pollen- 
parent 
vanetiea(6) 

Number 
of seeds 
giving 
seedlings 

Total 
seedlings 
(per cent 
of seeds) 

1 

Hybrid 
seedhngs 
(per cent 
of seeds) (c) 

Sweet lemon 

2 

22 

100 

100 

Lisbon lemon 

2 

62 

106 

83.9db3 1 

King mandarin 

5 

332 

100 6 

79 8±1 5 

Eureka lemon 

2 

119 

108 

73 9±2 7 

Mediterranean Sweet orange. 

3 

105 

no 

61 0i:3 2 

Ruby orange 

1 

42 

119 

47 6±5 2 

Imperial grapefruit 

5 

503 

128 

46 7=hl 5 

Valencia orange 

2 

57 

135 

28.1i:4.0 

Owari satsuma 

3 

193 

139 

21 2±:2 0 

Willow-Leaf mandarin 

5 

714 

127 1 

18 6d=l 0 

Daney tangerine 

2 

54 

126 

18.5±3 6 

Navel oranges (2) 

2 

55 

136 j 

7 3=fc:2.4 


(a) This table includes only classified progeny; the actual germination, and 
probably the number of seedlings per seed, were greater, since a large number 
of young seedlings died from various causes, including albinism. In seven 
certain cases and one probable case of the production of two hybrids from one 
seed, the seeds concerned are omitted from the tabulation. There were two 
cases in series 120 (see table 3 for parentage of series), and one each in series 
24, 72, lOfi, 104 (the separateness of the two plants^’ was not proved), 107 
and 119. 


(&) Including all in the cultures of 1917, excepting the cases of intraspecific 
crosses. 


(c) The probable error is obtained from .67449 



where p is the 


observed percentage of hybrids, q is 1 — and n is the corresponding total 
number of seeds giving classified seedlings. ^ 


Table 2 gives data bearing mainly on the former point, for all the 
available series of the hybrid cultures of 1917,® arranged in the 
order of the percentage of hybrids. When we consider both the data 
of table 1 and the actual percentage of seedlings,” it is evident 
that viable hybrids tend to become scarcer as embryos become more 
numerous. The two varieties most conspicuously polyembryonic in 
table 1 are among the lowest in number of hybrids in table 2. On 
the other hand, the five varieties that are lowest in embryos are 

? All lots are included except those from intraspecific crosses. There are a 
few cases^ of doubtful classification, but it is very improbable that the final 
PBWis will make much change. The classification has been made by tree 
eharactei^ throughout, but it has already been confirmed in very many cases, 
and rarely corrected, on examination of fruit. 
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highest in hybrids. The differences in hybrids between these two 
groups of seed parents are, in general, highly significant statistically. 
The former group produced a high percentage of seedlings, and the 
latter group a low percentage, thus confirming the indications of 
table 1 as to characteristic numbers of embryos. 

With the intermediate varieties of table 1, the correlation is much 
less regular, but the hybrid percentages are in most cases intermediate 
between those of the groups just discussed. Dancy tangerine (embryos 
medium) and the navel oranges (no embrym count) have both given 
a high seedling percentage (see also Coit, 1915, p. 58) and a low 
hybrid percentage; in both eases the young apogamic seedlings are 
decidedly vigorous, and competition may be especially severe in pro- 
portion to the number of apogamic embryos present. The most 
marked exception to the general trend of the results is Imperial 
grapefruit, which has a rather high hybrid percentage in spite of its 
rather high embryo count, its high seedling percentage, and -the 
decided vigor of its apogamic seedlings; this variety is, however, 
definitely intermediate between the two groups first mentioned in 
both embryos and hybrids. 

Mediterranean Sweet seems (table 1) to produce a considerable 
number of apogamic embryos when selfed, yet it has given a low 
seedling percentage and a high hybrid percentage. This may be a 
result of its relatively low vigor of growth, as shown both by orchard 
trees and by young apogamic seedlings. All the other orange varieties 
of table 2 have produced more numerous and more vigorous apogamic 
seedlings, and a smaller percentage of hybrids. 

The promptness with which apogamic development begins after 
fertilization may differ in different varieties, and differences in this 
respect may affect the proportion of viable fertilized eggs. 

The negative correlation between total seedlings and hybrid seed- 
lings shown by the tables may be due in part, of course, to more 
extensive elimination of apogamic embryos in lots where the sexual 
embryos are especially vigorous in comparison. Thus the recorded 
medium embryo count for Mediterranean Sweet may be fairly repre- 
resentative for selfing, but not for crossing. It should be noted, 
however, that in the orchard the hybrid progeny of this seed parent 
are frequently somewhat less vigorous than the apogamic progeny. 

There remains the general question of how far the proportion of 
hybrids may be affected by the pollen parents. Table 3, which 
segregates the data of table 2 by pollen parents, suggests an approach 
to random-sampling variation among the lots from each seed parent, 
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TABLE 3 

Number op Total Seedlings per Seed and op Hybrid Seedlings per Seed 


Data of table 2, progeny of each cross given separately. («) 


Seed-parent variety 
(clone) 

Series 

Pollen-parent variety 
(clone) 

Number 
of seeds 
giving 
seedlings 

Total 
seedlings 
(per cent 
of seeds) 

Hybrid 
seedhngs 
(per cent of 
seeds) (6) 

Lisbon lemon 

91 

92 

Valencia orange 

Imperial grapefruit . 

25 

37 

100 

111 

88.0dt4.4 

81.1±4.3 

King mandarin 

97 

98 

99 

6 

100 

Genoa lemon 

Lisbon lemon , . . . 

Mediterranean Sweet 

orange 

Valencia orange 

Imperial grapefruit . . 

18 

4 

166 

35 

109 

106 

(100) 

100 

103 

100 

72.2±7 1 
(100) 

85.5±1 8 
60 0±5.6 
78 0±2 7 

Eureka lemon 

89 

90 

Valencia orange 

Imperial grapefruit 

37 

82 

114 

105 

62 2±5. 4 
79 3=fc3 0 

hlediterranean 
Sweet orange 

113 

114 
116 

King mandarin . . 

Willow-Leaf mandarin. 
Imperial grapefruit . 

36 

50 

19 

111 

112 

105 

63.9±6.4 
64 0=b4 8 
73.7±6 8 

Huby orange 

72 

Dancy tangerine . ... 

42 

119 

47.6d=5 2 

Imperial grapefruit 

117 

118 

119 

120 
121 

“Hedge bergamot^ ^(c) . 

Eureka lemon 

Lisbon lemon ... 
Willow-Leaf mandarin 
Orange (blood, tree 
N102) 

108 

6 

73 

270 

46 

111 

(117) 

121 

136 

137 

54.6±3.2 

(17) 

63.0±3.8 

41.9=1=2.0 

34.8=1=4.7 

Valencia orange 

22 

24 

Dancy tangerine 

Willow-Leaf mandarin ... 

21 

36 

138 

133 

9. 5=1=4. 3 
38.9=1=5.5 

Owari satsuma 

101 

54 

102 

Lisbon lemon 

Valencia orange 

Imperial grapefruit ... 

2 

82 

109 

(150) 

139 

139 

(50) 

20 7ri=3.0 
21.1=b2 6 

Wiilow-Leaf 

mandarin 

103 

104 

105 

106 

107 

Lisbon lemon 

6 

172 

192 

59 

286 

(117) 

124 

128 

131 

128 

(17) 

21.5=1=2,1 

12,0=hl.6 

30.6=h4.0 

18.9=hl.6 

Ruby orange 

Valencia orange 

Orange (blood, tree 

N102) 

Imperial grapefruit 

Daney taantgerine 

95 

96 

“Hedge bergamot'^ (c) . 
Imperial grapefruit 

7 

47 

(114) 

128 

(0) 

21.3±4 0 

Washington oraiige 

108 

Willow-Leaf mandarin .. ; 

17 

141 

5.9=fc3.9 

Orange (navel, tree 
Nl). 

110 

111 

Dancy tangerine : 

Willow-Leaf mandarin 

6 

32 

(133) 

134 

(17) 

6.25=t2.9 


(a) The 22 progeny of Sweet lemon, omitted here, were from pollination by Mediterranean 
bweet orange (7 trees) and Imperial grapefruit. 

(b) The probable error is obtained as in table 2. 

(o) A peculiar fopn with brachytic shoots, occasionally used for hedges in California, It is 
very nnliKe typical Citrus bsrgamia Risso, and may be closer to sour orange; it resembles the 
form which Risso and Poiteau (1818-22) described under the name C. bigarcLdkk oriijpifoUa. 
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although some of the dilferences appear statistically significant. This 
table shows clearly that the more significant differences of table 2 
are not due to differences in fertility or viability with different pollen 
parents. This fact is especially well shown by comparison of Imperial 
with all other pollen parents (table 3). With four seed parents, 
Imperial alone (table 3) has given hybrid percentages very similar 
to those given by the combined pollen parents (table 2) ; and with 
Eureka and Mediterranean Sweet the differences between pollen 
parents are less than three times their probable error. On the other 
hand, the cross Imperial by Willow-Leaf has given more than twice 
the hybrid percentage of the reciprocal cross, and the difference is 
about nine times its probable error. 

Even in the case of differences betw^een pollen parents that appear 
statistically significant (none are unequivocally so), the indications 
as to differential fertility or viability are very dubious, because of the 
probability of non-random differences between fruits in the per- 
centage of hybrids. That is, the variability of the percentage of 
hybrids from any cross, among the lots of seedlings produced by the 
respective seed-parent fruits, may tend to be greater than is to be 
expected from the general percentage of hybrids among the total 
progeny from the cross in question. Such a situation may exist if 
the physiological conditions favoring apogamy, within a given seed- 
parent variety, vary markedly by whole fruits or branches, since in 
this case the variability, in number of embryos, of ihe seeds taken 
ly single-fruit lots, will tend to be greater (Fisher, chap. 10) than if 
the fruits were substantially random samples of seeds from one 
statistical population for amount of apogamy. Such high variability 
among fruits in amount of embryonic competition would be expected 
to give high variability in the percentage of viable hybrids. In this 
case, wide differences in hybrid percentage, in different crosses involv- 
ing the same seed parent, would be less significant than if the fruit 
lots of seeds were random samples with respect to viable hybrid 
embryos. 

Statistical study of the variability of the percentage of hybrids is 
needed, but must be deferred until the records of the numbers of 
hybrids have been completely checked and revised on the basis of 
fruit characters. Some of the records are so suggestive, however, as 
to justify mention of the hypothesis just stated. An especially strik- 
ing illustration may be added. With Willow-Leaf as seed parent, the 
hybrids are often so grouped with reference to the parent fruits as 
to suggest that the variation in embryonic competition among the 
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fruits was by no means random. For instance, series 104 gave a total 
of 37 hybrids from 172 seeds, but three relatively few-seeded fruits 
from one bagged branch gave 10 hybrids from 13 seeds, and one other 
fruit gave (excluding the case of identical-twin hybrids) 6 hybrids 
from 8 seeds. Thus the other 151 seeds reported in table 3 gave only 
21 hybrids. The fruits mentioned gave a total-seedling percentage 
of only 100, while the other 151 seeds gave a percentage of 128. 
Evidently those four fruits had seeds with relatively few apogamic 
embryos, in which the hybrids encountered little competition. Table 1 
mentions an Imperial fruit wdiose seeds were small and had com- 
paratively few embryos. 

With each of the first four seed parents of table 3, the crosses 
higher in total seedlings are generally lower in hybrids. The numbers 
are evidently too small, however, to make these differences significant 
even when taken together. Imperial shows similar differences, except 
that the two lots relatively low in seedlings show the reverse difference 
in hybrids between themselves. Satsuma shows practically no differ- 
ence between pollen parents. The differences in hybrids with Willow- 
Leaf, with relatively large numbers, show no definite relation tp the 
differences in total seedlings. 

It is probably significant in this connection, that King and the 
lemons, which have few extra embryos, have rather frequently given 
weak hybrids when used as seed parents in interspecific crosses, while 
with satsuma and Willow-Leaf, which have many embryos, weak 
hybrids seem decidedly less common. In the latter ease, presumably, 
the severity of the apogamic competition seldom permits weak hybrid 
embryos to survive. 

It may fairly be concluded that the differences in the percentage 
of hybrids depend mainly on the seed parents. 

We therefore have experimental evidence indicating that Citrus 
varieties differ greatly in abundance of apogamic embryos, and that, 
in varieties which produce relatively numerous apogamic embryos, the 
embryo resulting from fertilization is relatively often crowded out. 
There is also some indication of a negative correlation between vigor 
of apogamic embryos and percentage of viable sexual progeny. These 
considerations have an important bearing on .breeding procedure. 
Varieties which produce relatively few adventitious embryos can be 
more economically used as seed parents. Counts of embryos often give 
valuable indications in this connection. 



May, 1926] Fi'ost : Folyem'bTyony, Heterozygosis and Chimeras in Citrus 


377 


VARIATION AMONG SEEDLINGS PRODUCED BY APOGAMY 

In onr pedigreed cultures, albino and partially albinistie seedlings 
have occurred in various lots of progeny, both from selfing and from 
crossing, and sometimes in surprising abundance. In some cases 
(fig. 1) two such seedlings came from the same seed, so it is very 
probable that at least one of these, in each case, was produced by 



Pig. 1. Albinos among Ft seedlings from the cross Paper-Rind (St. Michael) 
orange 5 X Imperial grapefruit cJ, about 12 weeks after sowing. The albino 
leaves are small and in some cases already withering. 


apogamy. In many cases the same seed produced both albinistie and 
green seedlings. Some seedlings are light green; others are partly 
green and partly white, but these often seem to lack the definite 
delimitation of ordinary variegation. Apparently no seedlings long 
survive unless they produce fully green leaves at a very early stage. 
No cases of true variegation have been observed among older seedlings. 

The large proportion of albinistie seedlings which may occur is 
illustrated by table 4. Reason will be given below for expecting 
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higher proportions of apogamic progeny from selfing than are reported 
above for crossing.^ In view of all the facts stated, it is very improb- 
able that the albinistie seedlings are all or mainly extracted recessives 
cdrrying the same gene fo7' alHiiisin. Probably, in fact, many or most 
of them are produced apogamieally. If this is the case, their abund- 
ance is very remarkable, especially when we consider the rarity of 
albinism and chlorophyll variegation as observed bud variations on 
orchard trees. 

TABLE 4 

Albinism in a Stook Seed-bed, from Seeds of Ordinary Orchard !FR.uiTS(a) 



Grapefruit 

Sweet orange i 

Sour orange 

Type of seedling 

Number 

Per cent 
of total(6) 

1 

Number 

Per cent 
of total 

Number 

Per cent 
of total 

Green 

176 


173 


237 


Whitish 

16 

7.4±1 2 

16 

7.2=fcl 2 

4 i 

1.6 

White 

24 

11.1±1.4 

33 

14 9±1 6 

4 

1.6 

All albinistie 

40 

18 5±1 8 

49 

22 ld=1.9 

8 

3.3 

Undetermined (c) ... 

4 


1 


3 


Total 

216 


222 


245 



(a) Blocks of seedlings systematically selected to avoid prejudice. 

(b) The probable error is obtained as in table 2. With two exceptions, it 
omitted with percentages under 10. 

(o) Omitted from totals. 

An infectious type of variegation, such as occurs in Abutilon 
(Babcock and Clausen, 1918, p. 381), is improbable in the present 
ease, since the parent trees and (usually) the majority of the progeny 
are fuUy green. The albinism seems to be genetic, not pathological. 

It may he worth while to suggest a provisional hypothesis for 
aSiinism. The recent demonstration by Demerec (1923) and Lind- 
jstrom (1924) of numerous genes for albinism in maize, together with 
fhe evidence for extensive heterozygosis in Citrus discussed below, 
sn^ests the possibility of high proportions of albinos among the 
sexual progeny. Further, somatic gene mutation in a tree hetero- 
Zygons Ihf albinism genes might often produce islands of albinistie 
ti^e, and any embryo developed from these areas, either apogami- 
cdly dr seraally, would be albinistie. The great objection to the 
latter possibility is the scarcity of visible albinistie areas in older 

The* consideration of the evidence (p. 388) for this expectation neces- 
sarily ignores the albinistie plants, which die before any other character than, 
albinism can be determined. 
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trees. Bateson (1919, 1921), however, has found that eertain green- 
over-white periclinal chimeras do not give reversals of the relative 
position of their components, although the corresponding white-over- 
green chimeras do give such reversal; he suggests that differences in 
growth vigor may be concerned in this result. Possibly albinism 
often originates as a somatic variation in Citrus, although albinistic 
areas rarely develop far enough to be noticeable. It must be noted 
here that permanent green-and-white forms, evidently chimeras, do 
occur (Shamel et al,, 1920), and appear to have a mixed or mosaic 
condition of the* apical meristem. 

We must keep in mind here the aberrant genetic phenomena so 
often associated with variegation (R. A. Emerson, 1922; Eyster, 
1924). 

Since the albinism is often only partial, and variegation so often 
shows genetic peculiarities, we cannot safely conclude that other 
characters are likely to be similarly variable among apogamic seed- 
lings. Webber (1905), however, has reported remarkable variability 
among apogamic seedlings from interspecific crossing, finding in one 
case ‘‘5 or 6 different varieties’^ among 20 non-hybrid P^ grapefruit 
seedlings produced by one cross. He concluded that such apogamic 
progeny appeared more variable than seedlings resulting from selfing. 
These variations seem to have related mainly to fruit characters. 

Among the apogamic progeny from cross pollination that are now 
under observation at Riverside, genetic variations recognizable in 
advance of fruiting , aside from the ‘^thick-leaved” form discussed 
below, and the proable ease of albinism, seem to be very rare. The 
doubtful point here is the uncertainty whether a few variant indi- 
viduals in our cultures are apogamic or not, but the evidence from 
crosses between very unlike forms indicates that these variants are 
usually hybrids, and therefore favors the interpretation just stated. 
On the other hand, among the apogamic progeny whose fruits have 
so far been studied in our cultures, several apparent cases of genetic 
variation have been observed. In the best-substantiated case, an old 
navel orange tree (N1 of table 3; not Washington), pollinated’ by 
grapefruit, has given apogamic progeny mostly with navel-marked 
fruit, usually seedless, and flowers destitute of pollen, but abo includ*’ 
ing several trees that produce flowers with pollen and non-navel fruits 
with seeds. In general, so far, the apogamic progeny from selfing’ and 
those from crossing appear to be identical in type. / 

Genetic variation among apogamic progeny does not necessar%^ 
indicate the immediate agency of genic or chromosomal 
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sinc6 the sood-paront tree ni3-y‘ oitoii bo in 8- cbimorsl condition ns tlie 
result of earlier genetic changes in somatic tissue. 

It must be noted that the pos.sibility of frequent variation among 
the apogamic embryos prevents strictly positive concliisious as to the 
proportion of sexual embryos, especially from selling, and as to the 
genetic variability of the sexual embryos. 

In this discussion, exception has been made of a thick-leaved form, 
showing no pollen-parent characters in crosses, which has frequently 
appeared in our cultures. This form, readily identifiable everywhere 



Fig. 2, Each vertical row of two or three typical leaves (one large, from a 
vigorous shoot, above, and one or two smaller below) represents a tree budded 
from a seedling. The leaves shown here and in the following figures, except 
as noted, were taken from trees that had grown two or throe summers in the 
orchard. Figure 2 includes apogamic progeny only. First vertical row at left: 
seed-parent type from cross-pollination of Marsh grapefruit seedy strain’’)* 
Second row: thick-leaved type from same cross. Third and fourth rows: seed- 
parent and thick-leaved types, both from the same seed, from cross-pollination 
of Buhy orange. Fifth and sixth rows: the same for Willow-Leaf mandarin, 
both types from one seed. 

by the same general characteristics, has been found among the 
apogamic progeny of four horticultural varieties of sweet orange, 
three of grapefruit, four of Citrus nobilis (King, Dancy, Willow- 
Leaf, and Owari satsuma, and one of lemon. It often constitutes 
several per cent of the total number of progeny. As compfred with 
ordinary apogamic seedlings of the same parentage, it is characterized 
by broad, thick leaves, stout shoots and thorns, somewhal^ lower vigor 
and slowness to bloom. Figure 2 shows, for three parent varieties, 
the differences in leaf form between normal and thick-leaved apogamic 
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progeny of the same parentage. Figures 3 and 6 give the same com- 
parison for the thick -leaved and normal apogamic forms of Imperial 
grapefruit, as produced both by crossing and by selfing. 

I have examined fruits from thick-leaved lemon (Lisbon), and a 
few from thick-leaved tangerine (Dancy), mandarin (Willow-Leaf) 
and orange (Paper-Kind and Ruby). In all these forms the oil glands 
of the rind appear larger than in the corresponding diploid apogamic 
progeny, and the surface of the rind has a characteristically coarser 
appearance. The acid content of the juice seems generally lower 
than in diploids. The lemon fruits seem approximately normal in 
juiciness and flavor, but the actual yield of juice in three tests was 
very low. The Dancy, Willow-Leaf, and Paper-Rind fruits were 
notably inferior in texture or flavor, or in both respects. 

A doubled number of chromosomes (ti- — 18) has been reported for 
a thick-leaved form of orange (Frost, 1925u), and the thick-leaved 
form of grapefruit shown in figure 2 has recently been found to be 
tetraploid. Presumably, therefore, the other ten thick-leaved forms 
are also tetraploid. Since a thick-leaved and a normal apogamic 
seedling often arise from the same seed, it is probable that tetraploidy 
originates frequently, under the Riverside climatic conditions, in the 
nucellar tissue of Citrus species generally. 

Muller (1925) has recently indicated the probable reasons why 
polyploid races originate much more readily in plants than in animals. 
Citrus seems to offer, in its development of embryos from single cells of 
somatic tissue, the most favorable general conditions possible for the 
origin of tetraploid individuals. Presumably tetraploid forms of 
Citrus have usually been eliminated, however, under both natural 
and artificial selection, by unfavorable tree and fruit characters. 
There probably has been little opportunity, therefore, for natural 
production of triploids from tetraploids, and seed reproduction of 
triploids would doubtless be hampered by a high degree of gametic 
sterility. 

A few of our hybrids have characters suggesting triploidy. Pre- 
sumably triploids and modified triploids can be produced by crossing 
tetraploids with diploids. If the horticultural disadvantages of tetra- 
ploids are generally absent from triploids, the production of triploids 
may become an important aspect of Citrus breeding, for several 
reasons. Triploids may be expected to be practically seedless. They 
might prove especially vigorous. There might also be advantage in 
the possibility of using a double dose of one parent type^ in the 
production of hybrids. And hybrid tetraploids should permit the 
production of triploid hybrids having, cm th6 average, equal chromo- 
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some contributions from three ancestral races. Very frequent irregu- 
larities of chromosome reduction, as observed in pollen mother cells 
of thick-leaved orange (Frost, 1925^0, niay interfere seriously with 
the production of triploids. 

Especially interesting breeding possibilities are suggested by 
Clausen and Goodspeed's (1925) tetraploid Nicotiana. This form, 
although derived from a sterile F^ species hybrid having irregular 
meiosis, is fertile, evidently because meiotic pairing occurs, in the 
tetraploid, only between chromosomes derived from the same ancestral 
species, with consequent complete homozygosis and normal reduction. 
If interspecific Citrus hybrids will produce, asesually, tetraploids 
behaving in this way, these tetraploids should produce (aside from 
cytological accidents and new gene mutations) gametes that are all 
alike. Most of the progeny produced sexually by selfing such a 
tetraploid would presumably be indistinguishable from the progeny 
produced apogamically. In crossing, however, the possibility of using 
a hybrid as a homozygous parent might prove very useful. Even if 
the other parent were a highly heterozygous diploid, the number of 
possible Pi types would be enormously reduced as compared with that 
resulting from the crossing of two such diploids. 

Even with normal random reduction in a pure-species tetraploid, 
the recessive genes for which the plant is heterozygous should be 
largely '‘covered’’ by corresponding dominants in its gametes. These 
gametes should, therefore, represent the parental type much more 
closely, as a rule, than the gametes of the diploid form from which 
the tetraploid arose. If, however, that diploid form was highly 
heterozygotis, the tetraploid may have more meiotic pairing between 
its identical chromosomes than between its non-identical homologous 
chromosomes. The normally produced gametes would then tend to 
repre^t their parent still more closely, the limiting case being the 
complete homozygosis that prevails when pairing regularly occurs 
between identical chromosomes. 

This largely speculative discussion of the breeding possibilities of 
tetraploids seems to be justified by the slowness with which genetic 
data are obtained in Citrus, and the consequent especial desirability 
of foaphiulating the problems with great care. The horticultural pros- 
tetraploids seem to depend mainly on three factors: (1) the 
to which the tetraploid condition, and perhaps the triploid 
alsd/^e in themsriv^ inimical to desirable tree and fruit characters; 
(2) the^meiotie behavior of tetraploids; (3) the possibility of obtain- 
ing tetraploid^ et^«ialiy homozygous ones, from diploid species 
hybrids. 



May, 1926] Frost : FolyeryibryoTiy, 'Heteroisygosis and Chimeras in Citrus 


383 


HETEROZYGOSIS 

Webber (1900a, 1905, 1906, 1907, 1912), Swingle (1910, 1913, 
1913a) and Webber and Swingle (1905) baye described and discussed 
the remarkable variability of species hybrids in Citrus. The 
salient features of the case may be stated as follows*. (1) Various 
species of Citrus cross readily with each other and also (evidently less 
readily) with species of Poncirus (trifoliate orange) and Portunella 
(kumquat) ; (2) these species usually seem to give, on selfing, only a 



Pig. 3. Imperial grapefruit J X Willow-Leaf mandarin P,. One large 
leaf from each tree. Pirst at left in upper row, seed-parent type (apogamic); 
second, pollen-parent type (apogamic, from a cross in which this variety is seed 
parent); third, thick-leaved type of ^apefruit (apogamic); rest, hybrids, show- 
ing characteristic variation in form and size of leaves. 

moderate to slight amount of genetic variation; (3) Pi hybrids 
between these species are remarkably variable, both in form and in 
vigor; (4) in the Pg generation conspicuous segregation may occur, 
or the Pi form may apparently breed true. Figures 3 and 4 illustrate 
the variability in size and form of leaves among the Pi hybrid progeny 
from two species crosses, and figure 5 the variability in size and form 
of fruit dn another cross. 

As Swingle (1913u) especially emphasizes, the Pj hybrids may 
appear far more variable than either uncrossed parent species* To 



^ ^ -veytieal row from one tree. Imperial granefwt 2 X 

Lisbon 'lernm SVpm left to right: see^-parent type, pollen-parent ^ym (from 
reeij>roeal tsro^), and fonr bybrifc \ 
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explain this situation, he proposes the hypothesis of zygotaxis, which 
assumes ^'a positional or vectorial influence of chromosomes/’ That 
is, it is supposed that the relative effect of the individual chromosomes 
upon ontogeny depends to a large extent on their relative position in 
the nucleus, and that this position normally changes only at the time 
of fertilization. Adequate cytological support for this hypothesis is 
lacking, however, and the results of genetic experimentation seem 
unfavorable. 

Sturtevant (1925) has recently secured from Drosophila certain 
evidence which seems to indicate that position may affect the potency 
of a gene. He concludes that two mutant genes of the bar series have 
more effect on development when they are carried in the same chromo- 
some (as in double-bar, formerly called ultrabar”) than when they 
are in homologous chromosomes (as in homozygous bar). Another 
case, involving triploids, is similarly interpreted, the conclusion as 
to position of the genes depending in part on the fact that homologous 
chromosomes are closely apposed” in somatic divisions. 

Muller (1918) concludes that extensive heterozygosis in a pair of 
chromosomes may be expected to decrease their mutual attraction, 
and so to favor abnormalities of meiosis. Such abnormalities are 
often observed in hybrids from wide crosses. As Swingle (1913a) 
suggests, if the homologous chromosomes of the progeny of closely 
related parents tend to be associated in pairs in the somatic nuclei, 
that association may well be weakened or destroyed in interspecific 
hybrids. 

The considerations stated in the last two paragraphs may be held 
to give some basis for the hypothesis of zygotaxis. At best, however, 
it seems seriously inadequate as the main explanation of the Citrus 
phenomena in question. If a pairing attraction is weakened in species 
hybrids, there is no obvious reason, cytological or genetic, to expect 
that many definite and distinct chromosome configurations, permanent 
throughout somatic life and with extremely marked effects on the 
relative potency of genes, will be established. The accidentai for- 
mation of somatically permanent chromosome configurations at ferti- 
lization seems especially improbable ; therefore, if many such different 
permanent configurations should occur among the zygotes from one 
cross, it would seem that they must depend on genic differences among 
the gametes which united to form those zygotes — or, in other words, 
on extensive heterozygosis of the parents. If, however, the parents 
are thus heterozygous, the genic differences among the progeny will 
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probably account directly for at least the major portion of their 
somatic variability. 

Such cases as that of beaded wing in Drosophila (Muller, 1918) 
show that recessive genes may often be suppressed by linkage with 
other genes which have a recessive lethal effect, and that selfing or 
inbreeding may fall far short of revealing all the genetic potentialities 
of an organism, as represented by its genie constitution. It is also 
generally conceded that the effect of a particular gene may be greatly 
modified by differences in other pairs of allelomorphs. It is now 
evident that heterozygosis offers almost unlimited possibilities of 
variability, and therefore the hypothesis of zygotaxis seems to meet 
no serious general need in genetic theory. 

It may fairly be assumed, therefore, that the striking variability 
among Citrus hybrids is mainly due to heterozygosis of the parent 
fonns. Evidence bearing on this hypothesis will now be considered. 
Variation in chromosome number may be concerned in some cases, 
but this seems very improbable as a regular source of such extensive 
series of forms. 

A. C. and A. L. Hagedoorn (1914) have suggested that Citrus 
varieties are highly heterozygous but self -sterile, and that when not 
cross-pollinated they reproduce by apogamy alone. The evidence now 
indicates, however, that self -sterility is not concerned, and that the 
viable progeny from selfing, although more largely of apogamic origin 
than in the case of crossing, are often not exclusively so. 

Coit (1914) states that the evidence indicates that cross-pollination 
is unnecessary ^‘in all naturally fertile varieties of orange.’' Ikeda 
(1904) reports that cross-pollination between certain varieties of 
orange results in failure to set fruit. My observations indicate that, 
in Citrus varieties with good pollen, seeds are set about as readily in 
selfing as in crossing. That this situation is not usually due to 
apogamy in the absence of fertilization, is indicated by evidence 
already presented (p, 371). 

There is also direct evidence for the occurrence of segregation with 
seifii^. Swingle (1910) reports that some F^ citranges ‘‘reproduce 
exactly the parental type^' in their progeny, while with other 
part or all of the progeny show typical Fa variability, rang- 
ing nearly from one species to the other. Evidently the viable 
embryos are all produced apogamically in the first group, but not in 

sLonglej (1925) lias recently found tliat two Citrus hybrids, one of them 
intergenerie aceordiug to Swingle's (1914) classification, have the normal 
number of chromosomes (to = 9). 
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the second. Similar evidence from selfing of commercial varieties of 
Citrus has been obtained in our cultures. As a specific illustration, 
among 122 seedlings from 99 seeds of selfed Imperial grapefruit, 13 
young trees show marked diifei'ences from the usual type of the 
variety (fig. 6) ; 7 of these belong to the thick-leaved type and are 
doubtless apogamic in origin (p. 380), but the 6 others probably 
represent as many distinct recombination types. 

When Fi cultures from selfing and from crossing are compared, 
there is in general a remarkable parallelism. We commonly find 
(aside from the thick-leaved type) two very distinct groups of 



Fig, 6, Arrangement as in figure 2. Progeny of selfed Imperial grapefruit. 
Tie three vertical rows at the right are from two-year trees in nursery rows- 
First at left, seed-parent type; the rest, variant types (second, thick-leaved 
type, from same seed as first tree; fourth, a small, weak type). 

progeny, which occur in interspecific crosses, in intraspecifie crosses 
(as between two varieties of sweet orange), and with selfing. One 
group consists of trees essentially identical with the seed^parent 
variety, with occasional differences such as Webber (1905) has dis- 
cussed, while the other group, often relatively small, consists of 
marked variants. In the ease of crossing, the former group plainly 
is entirely of apogamic origin, while trees of the latter group usually 
show clearly the influence of the pollen parent. That the former 
group is mainly or entirely of apogamic origin in the case of selfing 
also, seems highly probable ; if not, the parent trees must usually breed 
true to a very remarkable extent with self-fertilization, while produc- 
ing extremely wide variation with cross-fertilization. 
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We have only about 600 progeny from selfing ; none of these are in 
the cultures of 1917 which give our best hybrid data, and very few 
of them come from the parent varieties with few adventitious embryos. 
The available evidence is therefore meager. It strongly suggests, 
however, that sexually produced progeny are generally rarer with 
selfing than with crossing, and much less vigorous. Lisbon lemon has 
given 9 progeny from selfing, of which 4 appear to be identical with 
the apogamic progeny from crossing. The other 5 progeny are all 
markedly variant, and range from trees considerably inferior to 
Lisbon in vigor to ones so feeble that it is difficult to keep them alive. 
It seems plain that the latter group corresponds to the hybrids in the 
cultures from crossing. Similarly, selfed King, among 38 progeny 
from 38 seeds, has given 29 trees all evidently typical King, 1 thick- 
leaved, and 8 other variants. In this case fruits from nearly all the 
trees that closely resemble the parent variety have been examined, 
and these trees all seem to be identical in type with apogamic progeny 
from cross-pollination of King. The variants from .selfed King, 
besides being much less numerous than the King-like progeny, are all 
or nearly all inferior in vigor (at least 6 of the 8) ; on the other hand, 
the hybrids in the corresponding lots from cross-pollination constitute 
more than half of the total progeny, and are usually similar to their 
apogamic sibs in vigor. The progeny of selfed Imperial have already 
been discussed. Part of the other selfed varieties (Paper-Eind orange, 
Euby, Willow-Leaf) have given (besides occasional ^‘thick-leaved’’ 
progeny) a very small proportion of conspicuous variants, always 
weak, and several varieties (some in very small cultures) seem to have 
produced apogamic progeny alone. 

In the causation of inviability, albinism (pp. 377-379) may be of 
much importance. 

Evidently, then, ordinary Citrus varieties, as well as many 
hybrids (Swingle, 1910) reproduce mainly or very largely by apogamy 
when selfed. Selfing probably produces, as a rule, fewer and weaker 
viable sexual progeny than does crossing. This situation has an 
important bearing on the variability of stock seedlings (Webber, 
1$20), Probably most of the undesirable variant types among nursery 
seedlings are produced by fertilization. Citrus clones which give 
genetically uniform seedlings from selfing are evidently not ones 
which ''breed true” in the ordinary sense, but ones which reproduce 
almost entirely by apogamy. Prom this point of view, clones which 
produce seeds with fairly numerous embryos are likely to give better 
results than clones with usually monoembryonic seeds. The suitability 
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of the Florida Rough lemon for use as a stock plainly depends partly 
on the fact that it is highly polyembryonic, and therefore, unlike the 
Lisbon lemon, reproduces mainly by apogamy when selfed. 

The Fi hybrids from a Citrus cross often vary greatly in vigor, as 
well as in morphological characters (fig. 7). Forms conspicuously 
lacking in vigor are often produced. Crandall (1922) has reported 
similar results with interspecific crosses of apples, and Dr. M. J. 
Dorsey, on examining some of our Citrus hybrids recently, stated that 
they seemed less variable than hybrids between certain plum species. 
Wellington (1924) has reported that numerous varietal crosses of 
apples have usually produced some weak types among the F^ progeny. 
He ascribes this result, together with the great variability of fruit 
characters, to extensive heterozygosis of the parent clones. Where all 
the hybrids are feeble, as in some apple crosses, it may be inferred 
that the genetic reaction systems of the parent species are in general 
too unlike to permit normal development in their hybrids (Goodspeed 
and Clausen, 1917). When, however, some F^ hybrids are vigorous 
and some feeble, it may be inferred that the parents are heterozygous 
and that some progeny comhinaiions of genes are markedly more 
favorable than others. With maize (Jones, 1918) the unfavorable 
combinations usually seem to be homozygous recessives, since selfing 
usually decreases vigor and increases the proportion of abnormal 
recessive types. In view of the predominance of unfavorable reces- 
sives among the mutations of Drosophila (Muller, 1918), and the 
probability (Sturtevant, 1921) ^Hhat closely related species have 
many genes in common, the unfavorable combinations in species 
crosses of Citrus may be, in large part, merely cases of absence of 
various favorable dominant genes that are heterozygous in the parents. 

In the apple and the plum, extensive heterozygosis is favored by 
widespread self -sterility, and also, if mutation occurs in somatic cells, 
by the long life of the individual j it is therefore to be expected that 
crosses, whether varietal or specific, will give highly variable Fi 
populations. 

In Citrus, self-sterility does not seem to be concerned, but the long- 
life factor® is present and the frequent bud variations suggest, 
although they do not demonstrate (Clausen and Goodspeed, 1923) 
the occurrence of gene mutation. The conditions therefore seem to be 
favorable (Muller, 1918; Jones, 1918) for the accumulation of un- 
favorable recessive genes. Moreover, the long-life factor is markedly 

6 The word factor is used in its general sense in this paper ; in the sense of 
genetic factor/' gene is employed exelnsively. , 
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reenforced by apogainy. A Citrus race might be heterozygous for 
many recessive genes that are sublethal or lethal when homozygous, 
and yet reproduce by apogamy for an indefinite period. 

The conditions in Citrus are also favorable for the development of 
heterozygosis by crossing, since the flowers are attractive to insects 
and produce an abundance of pollen, while (among the true Citrus 
species) there seems to be no interspecific sterility to impose limita- 
tions on wide crossing. 

The evidence on heterosis'^ in Citrus is also in accord with the 
assumption of extensive heterozygosis. It seems probable that ordinary 
Citrus varieties are complex heterozygotes, whose unfavorable reces- 
sive genes cause a great and general decrease of vigor on selling, and 
frequent decrease of vigor even in species crosses. 

In our cultures, hybrids decidedly exceeding in vigor the more 
vigorous parental type, as represented by its apogamic progeny, seem 
to be exceptional, while feeble, slow-growing hybrid forms are common 
in some crosses (fig. 7). Marked heterosis, such as Webber and 
Swingle (1905) report for some of the citranges, seems at first sight 
to be unusual in these crosses. It must be noted, however, that 
apogamic embryos do not furnish a satisfactory standard of com- 
parison for the estimation of heterosis in hybrids; the proper standard 
is obviously given by the sexual embryos produced by selfing. 

It has been shown that sexually produced progeny seem to be 
decidedly more numerous with crossing than with selfing. This con- 
clusion agrees with the expectation that cross-fertilization will pro- 
duce the more vigorous embryos, more often able to withstand the 
competition of those produced by apogamy. 

It seems significant that Swingle (1910) finds such marked vigor, 
even as compared with the parental forms, in citranges, which are to 
be considered intergeneric rather than interspecific hybrids ; as would 
be expected, Pg citranges and back crosses with the orange are less 
vigorous. Further, Swingle reports that crosses of Pi citranges with 
the grapefruit, which belongs to a species markedly different from the 
orange, or with the kumquat, representing a third genus, yield still 
more vigorous progeny. Thus it appears that as a rule the hybrids 
from the widest crosses are decidedly the most vigorous. If we could 
adequately compare hybrids between mrd within species of true Citrus 
(as Swingle delimits the genus) with sexually produced progeny from 
selfing of the same species and clones, presumably we should find 


theopr of heterosis, or hybrid vigor, proposed by Jones (1918) is here 
accepted as the best general explanation of this phenomenon. ^ 
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mucli heterosis even in these hybrids, and far more evidence of selec- 
tive elimination with selfing than with crossing. In general, we may 
conclude that, with Citrus and its near relatives, the expression of 
unfavorable genes among the progeny decreases with distance of 


I 






' 






Fig. 7. Buby orange 5 X Valencia orange cj, Fi. Two-year budded trees 
in nursery. First tree at left, normal orange type resembling parents, probably 
apogamie; the rest, two dwarf types, each budded in duplicate. 


parental relationship. This heterotic effect probably increases in most 
cases to the limits of possible crossing, without being overcome by any 
unfavorable effect of the genic unlikeness of the parental forms. 
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Obviously, lethal and sublethal effects in selfing and crossing of 
Citrus may not be entirely the result of honiozygosis of inevitably 
unfavorable genes, but may be in part a result of ‘ incompatible” 
recombinations (Goodspeed and Clausen, 1917). In any case, the 
wide differences in vigor among progeny from the same parentage 
indicate complex heterozygosis of the parents. 

When we consider the fertility of the Pj hybrids, we find wide 
variability, similar to that with respect to vigor. The sterility shown 
by certain hybrids seems to be, in large part at least, a matter of 
individual genic composition. Thus Swingle’s citrange evidence 
cited above indicates that these generic hybrids are sometimes 
highly fertile when selfed, and sometimes nearly or quite sterile (so 
far as viable embryos are concerned), aside from apogamie repro- 
duction. This case therefore differs from that of certain Nicotiana 
species hybrids reported by East (1921), since the latter regularly 
show a high degree of sterility in the generation. This difference 
may well be due to a condition of complex heterozygosis in the 
Citrus species concerned. 

The evidence so far discussed indicates that the apparent ^ ^ breed- 
ing true” of selfed Citrus varieties, which naturally suggests homo- 
zygosis, is due primarily to a predominance of apogamie progeny, 
which seems to be usually much greater here than in species crosses. 
Further, probably many genes that come to expression in hybrids are 
usually or always suppressed in selfing. Finally, the appearance of 
uniformity is in part illusory, since, outside of special genetical cul- 
tures, occasional weak individuals are unlikely to come to fruiting, 
or to be noted at all without special search. 


CHIMERAS AND BUD VARIATION 


For centuries Citrus has been noted for striking somatic variations, 
especially fqr variant sectors in the rind of the fruit. Certain 
‘*bis3sartia” forms, such as the one which Risso and Poiteau (1818-22, 
pi* 52) d^ribe under the name ^^bigaradier bizarrerie,” with fruits 
characters of two or three species, were attributed by two 
sisi^ienA-^entury writers, Porta and Nato (Savastano and Parrozzani, 
devdoiw of sprouts from graft or bud unions. 

associates (1912, 1918, 1918a, 1918b, 1920, 1920a, 
dibvm that bud-variation forms in Citrus are 
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somewhat numerous and of considerable agricultural importance. 
Modern genetic theory provides three possible general explanations 
of the origin of such variations — -gene or point mutation, chromosomal 
duplication and deficiency (whether involving whole chromosomes or 
limited sections), and loss and rearrangement of components in 
chimeras. Eyster (1924) has perhaps added a fourth in his hypothesis 
of qualitative mitotic division of certain genes. That is, while such 
a process would be included among the probably '‘diverse processes’’ 
(Sturtevant, 1925) of intragenic change, or mutation, of which we 
know so little, it seems to be essentially distinct from the fundamental 
changes which we surmise to supply the ultimate material of evolution. 
Eyster ’s intragenic units might, however, be merely labile "side- 
chains,” subordinate elements in a single complex structure (the 
gene), and not the coordinate components of a compound genic 
structure. 

R. A. Emerson (1922) has comprehensively discussed the origin 
and nature of bud variations. Coit (1915) has shown how chimeras 
may result from the occurrence of mutation in somatic tissues of 
Citrus. Clausen and Goodspeed (1923) have well presented some 
fundamental morphological considerations relating to chimeras, and 
pointed out the extreme difficulty of detecting the occurrence of gene 
mutation in such cases as that of Citrus, 

It 'should be fairly easy to test the possibility of chromosomal 
mutation in forms that produce pollen, since Belling ’s (1921) iron- 
acetocarmine method can be used with Citrus (Longley, 1925* Frost, 
1925, 1925o!.). The fact that bud-variation forms of Citrus often 
differ decidedly from the parent race in various characters, seems 
favorable to the possibility of chromosomal mutation. Little work 
seems to have been done anywhere which bears directly on the 
causation of bud variation in Citrus, although the evidence from other 
plants (Winkler, 1910; Bateson, 1916, 1919, 1921; Clausen and Good- 
speed, 1923) suggests that chimeral phenomena may be of much 
importance. 

If Citrus forms are extremely heterozygous, somatic gene muta- 
tions, if they occur, will relatively often come to somatic expression 
(Muller, 1918). Whether such heterozygosis favors abnormal somatic 
mitosis seems to be entirely in doubt. R. A. Emerson (1922) found 
that a variegation gene in maize "mutates” more frequently when 
combined with an allelomorph for white than when homozygous, and 
Eyster (1924) suggests an explanation based on his hypothesis of 
heterogeneous structure of the gene concerned. We might expect. 



394 


Milgardia 


[Vol. 1, No. 16 


therefore, that the average instability of any such genes present 
in Citrus will tend to be increased in the presence of extensive 


heterozygosis. 

A bud-variation type, whatever its cytological basis, presumably 
originates in a single cell. If the variation depends on non-disjunc- 
tion, either of whole chromosomes or of smaller units of chromatin, 
twin daughter cells may carry two different and complementary new 
types (Eyster, 1925). If the variation involves some change occurring 
within a single gene according to the current conception of gene 
mutation in the narrower sense, a single new type is produced. 

If a variant cell occurs and its descendants persist in the apical 
meristem of a shoot or bud, further development consists, for a time 
at least, of two kinds of tissue, and the shoot has become a chimera. 
Doubtless many variant initial cells are too deficient in vigor to 
compete successfully with normal cells, so that only a part of the new. 
types formed ever come to dominate even one bud. Probably many 
twin variations are never recognizable as such, because of early 
elimination, either selective or accidental, of one of the two comple- 
mentary types. This consideration increases the probability (R. A. 
Emerson, 1922) that unequal mitosis is the predominant cause of the 
origination of bud-variation types. It is interesting to note here that 
the bud-variation strains described by Shamel and his associates (1918, 
1918a, 19186, 1920, 1920a, 1923, 1924, 1925) seem generally to range 
from moderately less vigorous to considerably more vigorous than the 
parent variety. 

At an early stage of the process described in the last two para- 
graphs, the shoot affected is an incomplete periclinal chimera, since 
the new type constitutes a sector in the cell layer or layers to whose 
formation the variant initial cell contributes. What happens later 
mtmt depend on the spatial regularity and uniformity of the meri- 
^ematic cell divisions, and on the location of new buds. There is 
reason to believe that Citrus chimeras are often relatively unstable in 
the relations of their components. 

„ Sectorial fruit chimeras are frequent in Citrus (Coit, 1915; Bab- 
cock and Clausen, 1918; Shamel et al.j 1918, especially plates). 


Fs^uentJy a longitudinal sector differs from the rest of the fruit in 
color of rind. In some cases a whole tree shows so marked 
, production of variant fruits that it appears to be 

throughout. 

'' adjacent sectors, of similar width, whose 

dfr^iohs from the normal condition. This 
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may be considered definite evidence (Eyster, 1925) that the variation 
is due to differential mitosis, perhaps to non-disjunction of ehromo- 
somes. The paired sectors may be unlike either in color or in thickness 
of rind, or in both at once. If non-disjunction of whole chromosomes 
is not involved in all such cases, Eyster hypothesis of qualitative 
division of individual genes may apply, in Citrus, to genes other than 
those especially determining color. In fact, there seems to be no 
reason to suppose that such a process, if it occurs at all, is confined 
to color’’ genes, although it might seldom be discoverable in other 
eases. 

The corrugated strain of navel orange described by Shamel et al, 
(1925) may be an unstable periclinal chimera. Coit (1915) has 
described a similar case. 

A Valencia orange tree in one of our experimental plots has one 
large branch of a distinct type, which regularly produces seedless 
fruits vdth corrugated rind. If this branch is a chimera, it must be 
periclinal, and relatively stable. We have another form, derived from 
a variant branch of Valencia, selected by ShameP for its corrugated 
rind, which seems to be a mixed chimera (^' hyperchimera’’ of 
Winkler) of a peculiar kind. Some fruits are normal in appearance, 
but scattered among these are some which are completely and heavily 
corrugated. Many fruits are intermediate, ranging from nearly 
normal to much corrugated. In this case the usual visible variation 
among fruits is not, as in the case of the Golden Buckeye navel orange 
which is discussed in the next paragraph, in the relative superficial 
proportions of two separate components of the rind of the same fruit, 
but relates to the rind of the whole fruit. Some intermediate fruits, 
for example, have a smooth rind with broad, shallow ribs, while others 
show general but slight or moderate true corrugation. That this 
variation is not due to general physiological factors acting on a readily 
modifiable type, is indicated by the magnitude and generality of the 
variation, and is practically proved by one fruit which had sharply 
contrasting segments of normal and corrugated rind.* We may 
surmise, therefore, that the intermediate fruits are periclinal chimeras 
in which the number of cell layers of the outer component varies, 
doubtless largely as a result of similar variation in the apical meristem 
of the young flower buds. Possibly, as Eyster (1924) assunaes for 
variegation, an unstable gene is involved. 

The case of the Golden Buckeye navel orange (Shamel ef al,, 
1926) is also of especial interest here. The rind of the fruit is more 


8 Mr. Shamel has kindly given me permission to publish this description^ 
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yellowish and thinner than that o£ the Washington navel orange, with 
knobs, stripes, and wider sectors of thicker, rougher, more reddish 
rind, resembling that of Washington. Somewhat frequently, however, 
on our trees, a branch produces fruit having only the deeper, more 
reddish color of Washington.*^ In such eases the rind characteristics 
are like those of Washington ; the ^^naver’ is usually more conspicuous 
than in Buckeye; and the shape of the fruit changes, probably in 
part, at least, because of the greater development of the navel struc- 
ture. The fruits on these variant branches seem, in fact, to be 
indistinguishable from those of Washington. Apparently the Golden 
Buckeye is a mixed or mosaic chimera, of which one component 
resembles Washington while the other is similar to the Golden Nugget 
(Shamel et al., 1918). If it is a periclinal chimera, evidently the 
inner component must emerge with remarkable frequency. It may 
be worth noting here that the typical commercial Golden Nugget is a 
dwarf form, and that plantings of this variety are, according to 
Shamel, always mixed with standard-sized trees, possibly of bud- 
variation origin. 

The Thomson orange (Shamel et al., 1925) often gives rise to several 
other t 3 ^es of navel orange, and not simply to one type from which 
Thomson arose by bud variation. This case and other similar ones 
suggest that marked genic instability is an important factor in the 
situation with these forms. It does not seem likely that all these 
variations are produced by changes in chromosome number followed 
by chimeral phenomena, although some trees may well be complex 
chimeras. 

Probably all of the three types of Citrus ‘‘bizzarria, described by 
Savastano and Parrozzani (1911) as natural hybrids, are chimeras, 
not interspecific hybrids. These authors mention frequent color 
chimeras in the fruits (see their plate 1). The great variation in 
^gar and acid, both between trees and on the same tree, shown by 
the only form extensively studied (orange-colored lemon, ^Gimone 
araneiato’O? plainly indicates a general chimeral condition, with the 
relationships of the two components decidedly variable. Forms like 
these, which clearly combine the characters of two or three species, 
explained by Porta and Nato’s graftage hypothesis (p. 392). 
due to graftage may be called synthetic chimeras. On the 
hand, chimeras which arise as a result of genetic variation 
wuthin a cloTO may be called amtogenous, 

® I Imve seeB at least three or four sTich branches on two rather small trees. 
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Cavara (1912), after mentioning Savastano and Parrozzani^s 
forms and their nse of the word chimera for fruits of mixed type, 
described a tree with ribbed or corrugated fruits, which bore several 
branches with smooth-rinded fruit. He concluded that the tree was 
most probably a chimera resulting from graftage, but it may well have 
been an autogenous chimera. 

Trees which merely produce occasional variant shoots or fruits 
may in some cases be periclinal chimeras throughout, like Winkler ^s 
(1910) solanaceous chimeras, and the apple chimera described by 
Stout (1921). The Citrus chimeras, however, are doubtless usually 
autogenous, w^hile Winkler forms, at least, are synthetic. Thus 
many of the observed instances of bud variation in Citrus may be 
merely the result of irregularities of growth in long-existent chimeras. 

If chimeras are very common in Citrus, they may largely explain 
the genetic differences that occur among the apogamic progeny of the 
same parent tree (p. 379). Little '^slands^^ of variant tissue, which 
might never come to dominate their respective branches, may often 
give rise to apogamic seedlings that are visibly unlike the parent. 


SUMMARY 

This paper reports experimental results bearing mainly on the 
genetic significance of apogamy in Citrus. It also attempts a general 
evaluation of the published evidence relating to Citrus genetics. The 
data and discussion may be summarized as follows : 

1. Polyembryony occurs generally in Citrus ; adventitious embryos 
develop by proliferation of cells surrounding the embryo sac. It is 
here shown that the embryos are often much more numerous than the 
resulting seedlings, and that horticultural varieties differ greatly in 
characteristic 'amount of apogamy. This last fact seems to be 
important in connection with the choice of clones for the production 
of nursery stocks. 

2. Interspecific and intergenerie crosses involving Citrus species 
exhibit, aside from the apogamic progeny, remarkable variation in 
the Pi generation, suggesting an extremely heterozygous genetic 
constitution in the parental forms. Most seedlings from selfing are 
closely similar to the parental clone. 

3. Fertilization seems to be usually necessary for the initiation of 
apogamic deyelopment. The sexually produced embryo is, however, 
frequently eliminated by the competition of apogamic embryos. Data 
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here presented indicate that the sexual embryo is more often elimi- 
nated in clones in which apogamic embryos are especially abundant. 
This fact should be considered in planning Citrus hybridization. 

4. Doubtless the elimination of sexual embryos is often highly 
selective, largely because of frequent development of homozygosis of 
unfavorable genes. It is to be anticipated, therefore that selective 
elimination in favor of the apogamic embryos will tend, in general, 
to be most severe with selfing, and least so in relatively wide crosses. 
Some evidence presented indicates that the sexual progeny from 
selfing usually are both fewer and weaker than those from crossing. 

5. Some especially 'Vide'' crosses show marked heterosis when the 
parental types, as represented by progeny produces asexually, are 
taken as the standard of comparison. By the proper standard (sexual 
progeny resulting from self-fertilization), with consideration of 
viability as well as of relative vigor of viable plants, the favorable 
effect of crossing is presumably general and great. 

6. It is suggested that the occurrence of apogamy in Citrus has 
favored the development, perhaps by mutation, of a very complex 
condition of heterozygosis, probably including lethal and sublethal 
genes, in Citrus forms generally. Crossing may have produced or 
contributed to this result, but its agency need not be considered 
essential. 

7. Bud variations apparently affecting whole branches are frequent 
in Citrus. Sectorial chimeras are common, and evidently periclinal 
and mixed chimeras also. 

8. The numerous bud-variation forms of Citrus presumably 
originate in single cells, either by gene mutation or by differential 
mitosis. In the former case, at least, their somatic expression is 

^ doubtless favored by the presence of numerous heterozygous recessive 
gen^. The production of recognizable bud variations then requires 
bud formation in an area of variant tissue, and may often be due to 
n^r^uiar tissue development in periclinal chimeras. The abundance 
ol bud variations with some Citrus forms apparently depends upon a 
^rmanent ehdmeral condition of the tjrpes in question. Some of the 
vtoations of Citrus suggest a special genic instability, perhaps 
ItiaidaTOUtally unlike typical gene mutation, such as has been 
lor cases of variegation. 

9. In addition to the mtogenous chimeras just mentioned, synthetic 
chimeras^, r^uiting from graftage, evidently occur in Citrus. 

10. The rWtarkable v^niations which sometimes . occur among 

apogamic seedlings may be due to ehimeral conditions in the 
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parent trees. A pollen-sterile navel orange has produced apogamieally 
several fertile non-navel progeny. 

11. A thick-leaved’^ apogamic form is described, which has been 
produced by four species and twelve horticultural varieties. It has 
been shown in two cases to be tetraploid, and presumably is so in 
general. It may be valuable as a means of producing triploid hybrids. 

12. Some evidence is presented on seedling albinism; its frequent 
production by some parents may be due primarily to heterozygosis 
for various genes for albinism, and perhaps to the presence of 
unstable genes such as occur in various cases of variegation in other 
plants. 
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THE EFFICACY OF LEAD ARSENATE IN 
CONTROLLING THE CODLING MOTH 

RALPH H. SMITH 


The investigator who undertakes an orchard spraying experiment 
for the purpose of determining the value of one or more elements h 
the spraying method of controlling the codling moth, Carpocmpmk 
pomonella (Linn.), is confronted by a large number of unknown attd 
’ uncontrollable factors which influence in various ways and deg(;f|j8 the 
results of his experiment. Conclusions arrived at unden such oondi^ 
tions of experimentation are likely to be lacking in explioitn^ and ^ 
accuracy, and they naay sometimes be wholly erroneous. It is a ^ 
known fact that the vast literature on codling moth spraying is replete ^ i 
with contradictory experimental data, and discordant opinions ^ 
beliefs. A number of points of primary importance regarding tM ff ^ 
method of control have continued to remain largely in the realm ^ 
assumption and theory every since spraying was first employed in oodmf 
moth control nearly fifty years ago. Spraying tests have been cOaJfinl&d i 
almost without exception to orchard conditions. 

While assisting in some orchard experiments during the s timuli 
1917 to determine the relative merits of spraying and dusting 
arsenate as a means of controlling this pest, I was impressed by 
* fact that so many variable factom were encountered as to rend^ 
resultant data of very doubtful value. Similar etperimoes met 
in subsequent inv^gations and a study of the investigations of 
entomologists emphasized the desirability of more accurate 
mentation than^jould be accomplished under orchard 
was during the late summer of 1920 that the idea Was 
perfotming experiments with freshly hatched codling moth 
» the lato^ty. The work startefl that ymr was cKmtinued ia m 
way whilfi fairly extensive studies were made iEn Wte 

. n 
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The earlier work was conducted at the Idaho Experiment Station; 
that of 1923 was performed in the laboratories of the Golden State Milk 
Products Company of San Francisco, and that of 1924 at the University 
of California. This paper* is ])ascd chiefly on the investigations of 1924. 

Probably no other insect in the history of American horticulture 
has been the subject of more discussion and experimentation than the 
codling moth. The literature relating to it is very extensive. In 1888, 
L. 0. Howard^t stated that the Office of Entomologist of the United 
States Department of Agriculture had proposed compiling a list of 
American writings on the codling moth, '^but soon found that it would 
consume altogether more space than could be allowcd.^^ It is probable 
that the literatui'e has increased several fold since that year. 

Much of the published matter on the use of arsenical compounds in 
spraying for codling moth is perplexing to the reviewer. It is some- 
times impossible to determine whether the statements of a writer are 
based on his own observations and experiments or on those of other 
persons, or whether they are based merely on assumptions. There is 
much contradictory and inconsistent data, explanations for which are 
either obscure or entirely lacking. 

In order that the reader who is not especially familiar with the 
subject may have a better understanding of the significance of the 
research reported herein, a brief review of the history of the spraying 
method of control is given, This review is of necessity very fragmentary. 
Only a few references out of hundreds have been cited. 


BRIEF HISTORICAL REVIEW OF CODLING MOTH SPRAYING 
Eably Experiments with Arsenical Sprays 


The use of arsenical compoimds in codling moth control originated 
in 1878 when it was discovered that the practice of spraying apple trees 
with Paris green to destroy the spring canker worm not only controlled 
that pest but also reduced the injury from codling moth.^ Experiments 
oh the value of this treatment, made by Cook of Michigan in 1880, 
indicated that it was highly effective.^ Other experiments reported in 
18^ by Forbes of Illinois® and Goff of New York^ confirmed the findings 


* Aolmowledgment is gratefully^ made for suggestions and assistance given by 
DQS&mbers of the staff of the Division of Entomology and Parasitology of the 
tJniverBte of G^ifornia at Berkeley and to Mr. C. E. Gray, president of the 
Golden^ ^ate Milk Products Company, for permission to use the photographs 
shoTO in figures 7, 8, 12 and the lower part of figure 2, which were made by me in 
the laboratories or that company. 


t Superior figures refer to bibliography at the close of this paper. 
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of Cook. Since then practically all investigations of control have dealt 
eithekT directly or indirectly with the arsenical method. Soon after 
1890 aU authorities seem to have reached the conclusion that spraying 
was so ejBacacious that the old methods of control, including banding of 
trees and destroying wormy apples, were no longer worth while. Since 
the establishment of the State Agricultural Experiment Stations in 
1888, spraying experiments have been carried on more or less con- 
tinuously in every important apple-producing state in the United States. 
Something over two hundred state and federal bulletins and major 
papers in serial publications, containing original reports of such experi- 
ments, have appeared during the past twenty-five years. 


Potency of the Spraying Method 

After eight years of experimentation in spraying with Paris green, 
Cook, in 1888, came to the conclusion that if all apples of a tree 
^^received the poison^’ no injury from codling moth would result.^ 
Wormy apples, he believed, could be attributed only to ^^lack of 
thoroughness” in appl 3 dng the spray. In general agreement with 
Cook, later authorities have inclined to the belief that if every calyx 
and every apple were thoroughly treated with arsenical spray, practically 
complete destruction of codling moth larvae would be accomplished. 
Some writers have been very emphatic in statements to this effect. 

Instances of unsatisfactory control have been attributed chiefly to 
two factors: first, failure to spray at the most suitable time or times 
during the season and, second, lack of thoroughness in applying the 
spray. The object of nearly all codling moth investigations of the 
past quarter century has been to obtain more accurate information on 
the “timing” of spray applications, and on ways and means of securing 
greater thoroughness. The former has dealt with life history studies 
of the insect while the latter has been concerned chiefly with spraying 
machinery and equipment. 


Spray Applications 

Spray applications may be classified in general as of two types^ the 
calyx spray and the cover sprays. The first refers to spraying just 
the petals of apple blossoms have fallen. The object of this 
tion is to place a quantity of poison in the calyx cavity of ths 
fruit before the cavity becomes closed by the infolding 
The cover sprays are those that are applied after the ^yx 
the purpose being to place a covering of poison over w s^^ 
growing apple. ' ; r/vv'gf j||| 
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Number of Spra.y Applications 

Forbes® and Cook^ early arrived at the conclusion that only the 
calyx spray and the cover sprays applied soon after the calyx spray 
were of especial value. This position was strongly supported by Card’’^^ 
and Slingerland.32 On the contrary some contemporary authorities, 
including Lake,^^ Washburn, ^7 and Cordley,^®’^^ regarded the calyx spray 
of Kttle value and emphasized the importance of the later cover sprays. 
In 1900 Aldrich®® reported experiments which indicated that the calyx 
application was over five and one-half times as effective as the cover 
sprays. Simpson^® and Gillette®^ reported that eighty per cent of the 
&st brood larvae entered at the calyx. Similar evidence was presented 
about that time by a number of other investigators and, as a result, 
there developed a renewed interest in what later became known as the 
^'one-spray method” of codling moth control, or control by the calyx 
spray only. 

The numerous and extensive investigations that were carried on 
during the period from about 1905 to 1915 centered largely around the 
one-spray method of control. Considerable data was published indi- 
cating that the calyx spray was all-sufficient. It is of particular interest 
to note that Gillette,^ Weldon, and Melander^® reported evidence 
from the western states which tended to show that the greater the 
number of sprays applied, the less effective was the control. Melander 
gathered data from upwards of one hundred apple orchards in Oregon 
and Washington for the years 1909 and 1910, which showed approxi- 
mately one per cent wormy apples where the calyx spray only was 
applied, four and one-half per cent where the caljoc and one cover 
spray were applied, four and one-half per cent for the calyx and two 
cover sprays, and eight per cent where the calyx and four or more cover 
sprays were applied. Quaintance,^® after referring to eleven experi- 
ments in eight different states, remarked that ^'the results of the one- 
spray method are on the whole excellent and fairly uniform.” 

Timing of Spray Applications 

The rise and subsidence of the one-spray method constitutes an 
interesting chapter in the annals of codling moth control. There were 
many marked eases of failure but proponents of the method contended 
that unsatisfactory control was due to the spray not being properly 
applied. By about the year 1915, however, nearly all authorities seem 
to have reached the conclusion that the pest could not be satisfactorily 
controlled by means of the calyx spray alone, excepting, perhaps, in 
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restricted parts of the country where, because of peculiar climatic con- 
ditions or other factors, the codling moth had failed to become abundant 
or materially destructive. In the state of Washington where the 
adequacy of the one-spray method was vigorously defended for several 
years, and in most other western states, the calyx spray and four cover 
sprays finally became the accepted recommendation for control; while 
in parts of Arkansas, New Mexico, Colorado and California, accentu- 
ated conditions of infestation have led to the application of from five 
to ten cover sprays during the summer. 

Attention turned more and more to the belief that incorrect timing 
of cover sprays, rather than deficiencies in applying the calyx spray, 
was largely responsible for unsatisfactory control. Cordley,®^ who was 
among the first to take this point of view, expressed the behef that 
applying a spray “a few days too early or too late may make all the 
difference between success and failure,^' and Childs^^ stated that spray- 
ing ten or twelve days before egg-hatching would mean ^^in ordinary 
seasons of infestation the difference between complete control as against 
one-half or even less control.^^ Similar beliefs have been expressed by 
many other students of codling moth control and efforts at the present 
time are chiefly directed toward improving the effectiveness of spraying 
through more accurate timing of spray applications. 


Thoroughness in Applying Spray 

While thoroughness in spraying has always been emphasized, it 
especially has been the subject of experimentation and extensive dis- 
cussion during the past ten or fifteen years. The agitation regarding 
thoroughness has brought forth various kinds of spray nozzles and 
high-pressured spraying machines capable of producing from three 
hundred to five txmdred poimds pressure. Some authorities have 
contended that the spray gim or some particular nozzle is especially 
effective in accomplishing thoroughness and controlling the codHng 
moth while other authorities have presented equally convincing evidence 
to the contrary. The relative merits of the spray rod and the spray 
gun in applying the calyx spray and cover sprays, and the relative 
merits of the disc nozzle and bordeaux nozzle in the calyx application, 
are points on which there is much confusion of opinion and experimental 
data. During the past few years the majority of recommendations 
have called for high pressure, two hundred and fifty pounds or' more, 
but a good many experiments have been reported which indicate that 
equally good or better control may be obtained by applying spray 
pressures of two hundred pounds or less. 
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The subject of thoroughness involves the question of what kind of 
spray coverage is most effective. Forbes® seems to have been the first 
to suggest the mist type of coverage. It appears that most authorities 
have believed this coverage to be the most effective of any. Spray 
spreaders were used in codling moth control by Klee^ as early as 1887. 
They have been experimented with since then by many investigators 
but only during the past few years has the film type of coverage, obtained 
by the use of spreaders, come into prominence. 

Kind and Quantity of Poison 

Paris green was the principal poison used in spraying for codling 
moth during the period from 1880 to about 1905. Lead arsenate was 
employed as early as 1895^ but the first experiments of consequence 
were made in 1902. It has been used ahnost exclusively during the 
past fifteen years. 

The matter of poison concentration in sprays has received com- 
paratively little attention. The prevailing belief among authorities has 
been that the effectiveness of the spray depends not so much upon the 
quantity of poison on the apple as upon the thoroughness with which 
the apple is covered with the poison. Melander,^^ in reviewing methods 
of codling moth control in the Pacific Northwest, remarked that' 'experi- 
mental tests have shown that the strength of the spray is immaterial.'^ 
Weldon^ collected data from orchards in Colorado in 1909 and found 
that better control was obtained with lower concentrations. Melander 
later expressed the belief that if the apple is heavily coated with lead 
arsenate, the newly hatched larva finds the skin distasteful and rejects 
it.®*^ Lovett®^ and Childs and Lovett®® inclined toward the opinion that 
lead arsenate in concentration of two pounds to one hundred gallons 
of water is eight times the theoretical strength required to control the 
co d ling moth. At present there seems to be general agreement on the 
roeommendation which has prevailed for several years, that nothing is 
gained by using lead arsenate in greater concentration than two pounds 
to one hundred gallons of water. 

Present Status of Spraying 

NotwifiBtanding that great advances have been made in ^^he per- 
fecting of ar^aical compounds and spraying machinery, and in knowl- 
edge of the life history <ff the codling moth, control of the g^t in some 
parts of the couniay seems to be no more satisf^ory mw it was 
ten or twenty years A of ^ ento- 

mological literature m 
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evidence that the percentage of apples damaged by the codling moth 
in that region during the period from 1919 to 1924 inclusive, was 
fully as great as during any previous equal period. In 1919 Melander, 
who had been continuously interested in codling moth control in the 
State of Washington for upwards of twenty years, stated that ^^un- 
doubtedly the codling moth has been increasing in destructiveness 
during the last few years.’ The Grand Valley district of western 
Colorado affords a striking example of the failure of spray-methods to 
keep pace with the increasing codling moth hazard.®^ 

The spray treatment is not nearly as dependable as is desired. One 
year it may prove very effective in a given district but another year it 
may give unsatisfactory control, or, in one orchard it may be effective 
and in an adjoining orchard very ineffective. Such variations in results 
have been attributed principally to differences in the timing and 
thoroughness of spray applications. In general, however, there is a 
wide gap between the degree of control attainable under orchard con- 
ditions and the one hundred per cent control that almost all spray 
authorities have assumed lead arsenate capable of giving. It seems 
quite evident that there are important factors bearing on the efficacy 
of lead arsenate in controlling the codling moth, which have not yet 
been ascertained. 


STUDIES With freshly hatched codling moth 

LARVAE 

Methods and Technique 

A special effort was made to conduct the different experiments 
under uniform conditions and, so far as possible, to eliminate such 
variable factors as might contribute to non-comparability and error in 
the results. After some experience it was found necessary to outline 
in detail each separate manipulation. Even with very careful atten- 
tion to methods and technique, the variation in the results of repeated 
tests was much greater than was expected or desired. Some of the 
more important points that were followed in performing the various 
experiments are briefly outlined in following paragraphs: 

Securing freshly hcttched larvae . — ^By placing burlap bands - around 
the trimks of apple trees badly inf^ted with codling moth, thoiisands 
of mature larvae were captured. The larvae were placed in 
containing strips of corrugated strawboard in which pupati^^f 
place. The moths were allowed to ^erge in a odver^^ lri& 
cheesecloth. From this they were* transferred to batt^ 
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covering of wet sand about one-half inch thick had been previously 
placed in the bottom of each jar. Sections of glass on which the moths 
might rest and oviposit were sometimes placed in the jars. The jars 
were wrapped in four thicknesses of black cheesecloth and kept in a 
room where a temperature of approximately 80° F. was automatically 
maintained. The black cloth over the jars caused the moths to oviposit 
during the day. After some experience with the moths it was found 
possible to secure from a few hundred to over a thousand eggs in each 
jar within a period of three days (fig. 1). At the end of the third 
day, and sooner in some cases, the moths were released and the wing 
scales, fecal material and sand washed from the jars by using an 
abundance of tap water. If the jars were not thoroughly washed out 



Fig, 1. A section of glass after removal from a battery jar containing moths. 
Approximately six hundred eggs may be counted on this section. 


it was found that some larvae swallowed particles of the loose sub- 
stances. Rooms in which high or low temperatures could be auto- 
naatically maintained were accessible for hastening or retarding as 
de&ed the processes of transformation, egg-laying and incubation. 

PreparaHon of apples , — Only apples from unsprayed trees were used 
in the studies. In collecting the apples, each was grasped by the 
Aumb and fore finger while the stem was clipped off close to the fruit 
sptir. All handling thereafter was done by holding the stems with 
forceps. Touching the apples with the hands affected the surfaces in 
such manner as to influence the spray covering subsequently applied* 
In the laboratory the calyx lobes were clipped off if they protruded and 
the calyx cavities filled with shellac. It was found important that the 
shellac be even with the surrounding surface of the apple because any 
ridge or protuberance materially aided tl^ larvae in effecting injuiries. 
A piece of cotton thread was tied to the stem of The 

transverse and vertical diameters tjbep measured 
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Technique in spraying apples . — In the work of 1920 and 1921 an 
atomizer operated by blowing the breath through it was used for apply- 
ing the spray. It was later discovered, however, that the carbon 
dioxide of the breath caused a marked increase in the thickness of the 
film coverage when casein-lime was employed as a spreader; conse- 
quently, a rubber bulb type of atomizer was used in the studies sub- 
sequent to 1921. The atomizer was kept in constant agitation while 



Fig. 2. Upper: several series of apples in the studies of 1924, showing manner 
in which apples were suspended over vessels of water. Lower: illustration of 
studies made in the summer of 1923. 


appl 5 dng the spray in order to have the lead arsenate uniformly in 
suspension. Uniformity of suspension was not satisfactorily main- 
tained in case of the concentrations of eight and sixteen poimds to one 
hundred gallons. 

In applying the spray, each apple was suspended and given a rotating 
movement. The entire surface was then sprayed uniformly until the 
deshed type of coverage was effected. Except in the case of the mist 
coverage, the atomizer was first placed near the base of the steah and 
the basin about the stem filled with spray. This spray was withdrawn 
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by means of a pipette as soon as spraying of the apple was completed. 
When casein-lime spreader was used to effect the film coverage, the 
large drop or drops which formed on the lower surface of the apple 
were removed by touching that part with blotting paper immediately 
after spra3dng. This was done in order to secure more accurate data 
on the relation of the thickness of the film coverage to protectiveness. 
After being sprayed the apples were suspended on racks (fig. 2). A 
vessel of water was placed beneath each apple and in many of the tests 
a small quantity of tanglefoot was placed on the thread -just above the 
stem. By this means any larvae that fell off of the apples or attempted 
to crawl up the thread were trapped. Very few were caught in the 
tanglefoot but many fell off in the water. 

Transferring the larvae . — ^Many factors relating to the transferring 
of the larvae were found to make for error in the results. There was 
often much variation in the vigor and size of different larvae, even 
among those hatching at the same time. Larvae hatching between 
dawn and about ten o^clock in the morning seemed to be stronger and 
more likely to produce injuries than those hatching at mid-day or 
during the afternoon. The first larvae to hatch from a given lot of 
eggs showed greater vigor than those last to hatch. It also seemed 
that larvae hatching from eggs whose development had been retarded 
by being placed in a room with a temperature of about 50® F. were 
less vigorous than those whose development in the egg had been 
unchecked. In order to equalize this variation in vitality, the larvae 
were transferred to the apples in rotation. Five larvae were placed on 
the first apple, five on the second apple, five on the third, etc., until 
each apple of a series had five larvae. This was then repeated until a 
total of twenty-five larvae had been transferred to each apple. 

A finely pointed artists' brush, size No. 1, was used for handling 
the larvae. The brush was kept soft and flexible by moistening it 
frequently. Considerable care had to be exercised in order to place 
tlm larva ventral side down on the apple so that it could make contact 
with the surface with its legs and spinneret. In case of the spotted 
<x>verages an endeavor was made always to place the larvae on the 
areas between the deposits of poison. Twenty-five larvae to each apple 
was the standard number used. Special tests were made in which the 
number ranged from five to two hundred per apple. 

LaboraioTy €on(UUms.-— The studies of 1924 were conducted in the 
northwe^ rc^na of a building, The apples were exposed to diffused 
light which ent^ed tjhrou^ large windows On the north and west. 
The temperature of rooip averaged apjpeoxim^te|f F- 
was considerable var^ttion owtn-s’ 
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undergoing repair. In the series of tests, numbers 15 to 20 inclusive, 
shown in table 1, the temperature fell to about 60"^ F, soon after the 
larvae had been transferred* This probably was responsible for the 
much lower percentage of injury caused to the apples of these series. 
The day temperature in Berkeley, where the tests of 1924 were per- 
formed, commonly falls below 60° F. in July and August. This also 
holds true for San Francisco where the 1923 studies were made. On the 
whole, the^jlaboratory conditions were not satisfactory as regards 
temperature. 

Types of spray coverages , — When a suspension of lead arsenate in 
water is applied in finely atomized form to the surface of an apple, the 
liquid particles tend to collect into droplets. Upon evaporation of the 
water isolated deposits of the compound remain, resulting in what may 
be termed a spotted spray coverage. By placing in the spray suspen- 
sion some substance that suflSciently lowers the surface tension, the 



Fig. 3. The four types of spray coverages that may be produced on the sur- 
faces of apples. Left to right: mist coverage, coarse coverage, overspray coverage 
film coverage. 


droplets will coalesce and form a continuous liquid film. Upon evap- 
oration of the water an imbroken film of the compound remains. This 
has been termed the film spray coverage in this paper. The substance 
added to the spray for the purpose of producing the film coverage is 
known as a spreader. 

In the studies of 1920 and 1921 tests were made of two coverages; 
the film coverage and a coverage that, for the most part, consisted of 
small spots. The results of the tests were so variable that it was found 
necessary to differentiate among spotted coverages. In subsequent work 
three types of spotted coverages were distinguished; the mist coverage, 
the coarse coverage and the overspray coverage. The mist coverage 
was produced by exposing momentarily the whole surface of the apple 
to a finely atomized spray. This resulted in a covering of isolated spots 
ranging in size up to approximately two millimeters in diameter. The 
coarse coverage was produced by applying the finely atomized spray 
contmuously imtil the drops that formed on the surface of the apple 
were as large as would remain in place. The aim was to stop spraying 
just before any drop became large enough to run down. The overspray 
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coverage was produced by applying the finely atomized spray in such 
quantity that large drops collected and ran down more or less irregularly 
over the apple. 

Particular attention is called to the fact that notwithstanding the 
technical manner in which the spraying was done, there was considerable 
variation in the character of each type of coverage on different apples. 
This was especially true of the mist and coarse coverages. Sometimes 
the spots on the side of an apple were much larger than those on 
the bottom or top. In some of the tests it was noted that about 
two-thirds of the surface of an apple was covered fairly evenly with 
drops of almost maximum size while the remaining smface had scarcely 
more than a mist coverage. In order to prevent drops from running 
off, it was necessary to leave some parts improperly covered. Owing 
to a very slight coating of dust or possibly to some other condition of 
the surface, larger drops would collect on some apples than on others. 
On some there was an appreciable tendency for the drops to spread, 
resulting in spots more or less irregular in outline. This lack of uni- 
formity in coverage was probably responsible for much of the variation 
in the number of larvae causing injury to apples m different tests. 

Materials vsed . — The lead arsenate used represented two makes: 
Sherwin-Williams and General Chemical Company. Both were 
powdered acid lead arsenate (PbHAs 04 ). The contents of two one- 
pound commercial cartons were thoroughly mixed together. Analysis 
showed this to contain 31,2 per cent of arsenic oxide and 0.11 per cent 
of arsenic oxide in soluble form. The solubility test was made by 
placing a quantity of the lead arsenate in distilled water at approxi- 
mately 76° F. for twenty-four hours. 

The spreader used for the film coverage consisted of a mixture of 
casein and calcium hydrate in proportions of twenty-five per cent casein 
seventy-five per cent calcium hydrate. This was used at the rate 
of one pound to one hundred gallons of spray. The casein was a readily 
soluble form and the calcium hydrate was practically free of carbonates. 
In aU instances distilled water was used and the spray applied within a 
few minutes after being prepared. 

Delerrmnatim of injury . — Two forms of injury were distinguished: 
entrances and stings. An entrance corresponds to the term “worm” 
as commonly used in codling moth writings. It refers to the injury 
produced by a larva that has burrowed through the skin and into the 
tissue of the apple without having become poisoned. A sting refers to 
the injury caused by a larva that has attempted to enter an apple but 
because of the effects of poisoning or for other causes ceased burrowing 
after making a slight pit in the skin or, at most, a small excavation in 
the tissue of the apple. 



May, 192&] Smith: Lead Arsenate in Controlling the Codling Moth 


415 


It was found that in entering the apple the larva generally naakes a 
small excavation under the skin and sometimes spends two or three 
days apparently feeding in the excavation before starting to burrow 
toward the center of the apple. The apples, therefore, were left sus- 
pended for six days after the larvae had been transferred to them. On 
the sixth day each apple was submerged in hot nitric acid to dissolve 
off the arsenic. This treatment removed aU frass and excremental 



Fig. 4. Left: apples cut into halves showing condition of spray coverages just 
before submerging in hot nitric acid solution. Right: the same apples after the 
arsenic had been dissolved off. 

material and, in addition, caused a pronounced discoloration at each 
entrance and sting, which greatly simplified the task of determining 
injuries (fig. 4). 

An incision approximately one-fourth inch deep was made under 
each injury. Any burrow that extended deeper than this was recorded 
as an entrance. Injuries of lesser extent were considered stings unless 
the larvae were found in such stages of development that they doubtless 
had been alive at the time of dissolving off the arsenic. 
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It should be especially noted here that a faWy large percentage of 
the stings recorded in following tables were so slight that they would 
have escaped notice on the surface of a growing apple. Considerable 
care had to be exercised in collecting apples from trees in order to 
avoid the use of any having skin blemishes which would be confused 
with sting injuries later on in the experiments. Such irregularities 
would also materially aid the larvae in producing injury. 

Determination of arsenic , — A simplified method was employed in 
determining the amount of arsenic on the apples. A solution of nitric 
acid was made up, consisting of fifteen parts of arsenic-free, concen- 
trated nitric acid and eighty-five parts of distilled water. A beaker 
containing a sufficient quantity of this solution in which to submerge 
the apple was placed over a Bunsen flame and the solution brought to 
the boiling point. The apple was placed in the beaker and rotated 
with a glass rod for about one-half minute while the solution boiled 
strongly. It then was impaled on the glass rod, lifted from the solution 
and the surface washed with a stream of hot, dilute nitric acid. 

Determinations were made of the amount of arsenic on four apples 
at a time, each group of four apples being from successive series of tests. 
Sufficient arsenic was present on any four apples to enable determination 
by titration. The amount of arsenious oxide, expressed in micro- 
milligrams,* was divided by the total area of each foui' apples. The 
area was expressed in square centimeters. This gave the average 
number of micromilligrams of arsenious oxide per square centimeter of 
apple surface. The surface of each apple was computed by using the 
average of the transverse and vertical diameters. 


LARVAE ON APPLES SPRAYED WITH LEAD ARSENATE 

The studies reported in this paper comprise records of over fifteen 
thousand freshly hatched codling moth larvae. Of this number over 
twelve thousand were placed directly onto apples, twenty-five being 
placed onto each of four himdred eighty-three apples. A number of 
experiments were made with apples hanging naturally on trees in the 
orchard. , 

Studibs Made in the Laboratoky 

The results of the most extensive single study are given in detail in 
table 1. This study included tests of seventeen different combinations 
of spray coverages and lead arsenate concentrations. The table gives 

* One micromilligram equals one-thousandth of a milligram. 
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the number of larvae effecting entrances, the number making stings 
and the total number causing injury on each apple. The data are 
summarized in table 4. 

Observations indicated that only rarely would a larva make more 
than one injury. The behavior of twenty-two larvae on unsprayed 
apples was studied in detail from the time of hatching until entrance 
was made. In no case was it observed that a larva quit an attempted 
entrance and later started another. In this paper, therefore, it has 
been considered that the number of injuries corresponds with the 
number of larvae maldng them; ten injuries, for example, represent the 
activity of ten different larvae. 

The following varieties of apples were used in the tests shown in 
table 1: 

White Winter Pearmain; series 1, 2, 15, 16. 

Stayman Winesap; series, 3, 4, 8, 10, 13, 14, 17, 18, 19, 20. 

Yellow Bellflower; series 5, 6, 7, 9, 11, 12. 

The Yellow Bellflower seemed to be somewhat more susceptible to 
injury than the other varieties. 

The studies were made during the latter half of July and the first 
half of August. The apples were fairly large in size. 

Studies Made in the Orchard 

The suggestion was made that perhaps a smaller percentage of 
injury would have occurred if the tests had been made in an orchard 
environment. In order to secure information on this point, some 
experiments were performed with apples hanging in their natural posi- 
tions on the trees. 

These tests were made the last week of July with Yellow Bellflower 
apples. The calyx cavity of each apple was filled with shellac and each 
was sprayed as nearly as possible in the same manner as was done in 
the laboratory tests, A band of cotton was tied about the branch on 
either side of each apple in order to prevent larvae hatching elsewhere 
on the tree from reaching the test apples. Larvae that had hatched in 
the laboratory were taken to the orchard and transferred to the apples 
between nine o'clock and noon of the same day. The results of the 
experiments are shown in table 2. The temperature in the orchard was 
approximately 82® F. at noon on the day that the larvae were trans- 
ferred. The light was much more intense than that in the laboratory 
tests although the apples selected were on the shaded sides ^ the trees. 
The more intense light and the higher temperature tended to accelerate 
the activity of the larvae, with the result that a larger percentage 
dropped from the apples. 
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TABLE 2 

Results of Placing Twenty-five Freshly Hatched Codling Moth Larvae 
Each on Apples Hanging Naturally on Trees 


Lead arsenate, 2 lb, to 100 gal 


Senes of 
apples 

Mist coverage 

Coarse coverage 

Film coverage 


Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

1 

18 

2 

20 

8 

3 

11 

6 

4 

10 

2 

12 

0 

12 

6 

4 

10 

7 

2 

9 

3 

17 

0 

17 

11 

3 

14 

8 

4 

12 

4 



(1) 

5 

1 

6 

10 

2 

12 

Total , . . 

47 

2 

49 

30 

11 

41 

31 

12 

43 

Per cent . „ 

62 7 

1 7 

66 7 

30 0 

11 0 

41 0 

31 0 

12 0 

43 0 



Lead arsenate, 4 lb to 100 gal | 

Check 

Senes of 
apples 

Coarse coverai 

56 

Film coverage 

Unsprajed 


Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

1 

4 

6 

10 

4 

6 

10 

22 

0 

22 

2 

3 

2 

5 

7 

2 

9 

18 

0 

18 

3' 

4 

3 

7 

4 

6 

10 

16 

0 

16 

4 



(1) 




(0 

20 

0 

20 

Total-.,.,. .. 

11 

n 

22 

15 

14 

29 

76 

0 

76 

Per cent 

14 7 

14 7 

29 3 

20 0 

18 7 

38 7 

76 0 

0 0 

76 0 


(1) Tests omitted because of accidents or insufficient larvae 


The following comparison of the results of the laboratory and the 
orchard tests indicates that the spray may be slightly more effective 
imder orchard conditions^ although the differences shown easily fall 
within the range of experimental error. 

TABLE 3 


A Comparison op the Percentages of Larvae Causing Injury in Laboratory 

AND Orchard Tests 
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Variation in Number op Injuries per Apple 

Examination of table 1 brings out the fact that there was a wide 
variation in the results of the tests. The number of entrances among 
the unsprayed apples varied from sixteen to twenty-four, while with 
some of the spray combinations the number ranged from eight to 
twenty-four among apples having the same treatment. It is believed 
that an important cause for this variation was that too many apples 
were run at a time. The twenty-two apples of a series required five 
hundred fifty larvae. Sometimes the larvae hatched rapidly and they 
could not be properly transferred, while at other times an insufficient 
number were available to finish a series and it was necessary to com- 
plete the transfer on the following day. The range in number of injuries 
per apple was much less in other studies in which fewer apples were 
used in a series. Other causes for variations have been mentioned under 
the topic, Methods and Technique. 


Results op Special Interest 

Four facts that are quite contrary to what might have been expected 
are shown in tables 1 and 2. Fust, the lead arsenate was compara- 
tively ineffective in protecting the apples. The general belief has been 
that apples so thoroughly sprayed would be only slightly injured if at 
all, whereas, with the standard concentration of lead arsenate at two 
pounds to one hundred gallons over thirty per cent of the larvae entered 
unharmed and over forty per cent either entered or made stings. Second, 
the mist coverage was very much less effective than the coverages of 
large spots, whereas, there has been a widely accepted opinion among 
spray authorities that in orchard spraying the mist coverage is the 
most effective. Third, the film coverage gave scarcely any better pro- 
tection, except with the higher concentrations, than the spotted cover- 
ages, whereas, it might have been expected on theoretical grounds that 
the film coverage would give much greater protection. Fourth, increas- 
ing the concentration of the spray resulted in decidedly decreasing the 
percentage of larvae that succeeded in effecting entrances, whereas, it 
has been generally believed in orchard spraying that very little if any- 
thing is gained by using lead arsenate in greater proportion than two 
pounds to one hundred gallons of water. 
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Protectiveness of Different Coverages 

A summary of the laboratory tests with spray concentrations of 
twOj four and eight pounds of lead arsenate to one hundred gallons of 
water, gives the following percentages of injuiy: 



Entrances, 
per cent 

Stings, 
per cent 

Total injury, 
per cent 

Ivlist coverage 

57 4 

10.0 

67.4 

Coarse coverage 

23 4 

18 0 

41.4 

Overspray coverage 

24 0 

17.6 

41.6 

Fibn coverage 

21 7 

18 1 

39.8 


This is shown graphically in figure 5. 


mCBNTAGE OP LARVAE CAUSING INJURY. 



Fig. 5. Graphs based on the data of table 1, indicating the protectiveness of 
different spray coverages.* 


The protectiveness of different coverages is shown in detail in table 
4 and by the curves in figure 10. It will be noted that the coarse, 
overspray and film coverages were about equal in protectiveness up to 
the four-potmd concentration. Above this concentration the j&lm 
colrerage gave greater protection. In all instances the mist coverage 
gave the poorest protection. 

* The gr^hfi represent the average percentage of larvae causing injury to 
apples spr^ed with concentrations of two, four and eight pounds to one hundred 
gallons. These were the only concentrations in which tests were made with all 
four ty^ of coverages. The mist and overspray coverages were omitted in the 
one-nalf-pound concentration and the overspray coverage omitted in the sixteen- 
pound concentraticm. 
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TABLE 4 

Summary of the Data Included in Table 1 


Coverage and concentration 

Entrances, 
per cent 

Stings, 
per cent 

Total injury, 
per cent 

Lead arsenate, 3^ lb. to 100 gal.: 




Coarse coverage ... . . . 

57.6 

7 2 

64 8 

Film coverage . . .... 

55 6 

5.8 

61.4 

Lead arsenate, 2 lb. to 100 gal.: 




Mist coverage 

68 4 

6 6 

75 0 

Coarse coverage 

31.2 

12 0 

43 8 

Overspray coverage 

34 6 

14.4 

48 9 

Film coverage . . . . 

/33 0 

13 2 

46 2 

Lead arsenate, 4 lb. to 100 gal.: 




Mist coverage 

54 0 

11 2 

65 2 

Coarse coverage 

24.0 

19 2 

43 2 

Overspray coverage . . . . 

23.3 

19 8 

43 0 

Film coverage 

• 22 0 

19 0 

41.0 

Lead arsenate, 8 lb. to 100 gal : 




Mist coverage 

49 8 

12 2 

62.0 

Coarse coverage 

15.6 

21 8 

37 4 

Overspray coverage 

15 6 

18 6 

34 2 

Film coverage 

10.2 

22.2 

32 4 

Lead arsenate, 16 lb. to 100 gal.: 




Mist coverage 

29.2 

16.4 

45.6 

Coarse coverage 

9 4 

19.0 

28.4 

Film coverage 

2.3 

15.8 

18.0 

Check, unsprayed 

79.0 

.4 

79.4 


In the course of the experiments special attention was given to the 
behavior of the larvae, with a view to finding explanations for the 
results obtained. 

Factors relating to the 'protectiveness of the mist coverage . — It has long 
been recognized that some larvae succeed in effecting entrances into 
sprayed apples by burrowing through the areas between deposits of 
lead arsenate. Presumably, the larger the deposits, the larger the 
unprotected areas between deposits and the more room for larvae to 
enter unharmed by the poison. Owing to this conception the idea has 
become widely accepted among authorities on spraying that, to be most 
effective, spray should be applied in such a manner as to cover the 
apples of a tree with fine particles of mist. The assumption apparently 
has been that the resultant small deposits of poison would be so close 
together that there would not be room for larvae to enter between 
them; that is, the mist coverage on apples has been regarded as prac- 
tically tantamount to having them covered by an unbroken film. As 
shown by these studies, this assumption is seriously in error. When 
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the deposits of lead arsenate were from one-half millimeter to two 
millimeters in diameter, the latter representing an area about the size 
of the head of an ordinary pin, there was ample space for larvae to 
enter between the deposits. This is well illustrated by the photographs 
in figure 6. The photograph on the left shows an apple natural size, 
having a fairly typical mist coverage of lead arsenate. A freshly 
hatched codling moth larva was placed on the apple and observed until 
it started to burrow through the skin. A common pin was then inserted 
in the side of the apple close to the larva. The microphotograph was 
t hpn taken. The head of the pin measmed slightly less than two 
millimeters in diameter. 



Fig. 6. Left: an apple haying a mist coverage of lead arsenate, with a pin 
inserted in the side. Right: microphotograph of the same apple, showing a freshly 
hatched codling moth larva in the act of burrowing into the apple. 

Writers on codling moth control, wishing to emphasize the necessity 
of having apples thoroughly covered with spray, have sometimes stated 
tbat tihe larva makes a hole about the size of a pin head on entering the 
The head of an ordinary pin, however, is more than twenty- 
fitp times the area of the entrance hole of a newly hatched larva. The 
may be raised whether the larva does not enlarge the hole after 
apple. Such behavior was not observed in any of these 
gke^a^ aatisar were evidences of it found in examining apples in the 
ordi|^ ' , ’ ' ' ' 

Wte^ the depodts of lead arsenate were very minute, the larvae 
appear^ to. barrow torough them or to dig them away without being 
affected {dfete, TI& a^efeidly the case with the lower 

concentratoms of spray. 
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Another reason for the lower protectiveness of the mist coverage 
appeared to be that the small deposits were so nearly even with the 
surface of the apple that they did not stimulate the thigmotactic 
proclivities of the larvae, as did the large deposits of the coarse and 
overspray coverages. 

Factors relating to the 'protectiveness of the coarse coverage . — The largest 
deposits of the coarse coverage were approximately eight millimeters in 
diameter. Notwithstanding the numerous large interspaces which 



Fig. 7. An overspray coverage of lead arsenate in concentration of two pounds 
to one hundred gallons of water. The arrow points to an entrance made through 
the upper part of a deposit. 

appeared to be relatively improtected, less than one-half as many larvae 
entered the apples with coarse coverage as entered those with the naist 
coverage. There seemed to be four reasons why the coarse coverage 
gave so much better protection than theoretically might have been 
expected. First, the larvae exhibited a tendency to rest upon and 
examine the deposits of lead arsenate and it seemed probable that some 
larvae became poisoned incidentally in doing this. Second, the rela- 
tively thick edges of the large deposits stimulated the thigmotactic 
reactions of the larvae, which resulted in many of them attempting to 
dig through the edges and thus becoming poisoned. Third, although 
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there appeared to be relatively large unprotected areas between the 
larger deposits, close examination revealed many small deposits, 
resembling those of a mist coverage, on these areas. The small deposits 
were doubtless of some influence in preventing entrances. Fourth, it 
seemed evident that the apples with the coarse coverage had more 
sm’face actually covered with poison than the apples with the mist 
coverage. 

In case of the coarse coverage of ' one-half pound to one hundred 
gallons, many entrances were made duectly through deposits of poison. 



Fig. 8. Micropbotograph showing where a larva had burrowed through a heavy 
deposit of lead arsenate. 

With the concentration of two pounds to one hundred gallons, entrances 
were sometimes made through the thin upper parts of the large deposits. 
An example of this is shown in figure 7. 

Two or three instances were observed where larvae had burrowed 
directly through heavy deposits of lead arsenate. An example of this 
is shown in the microphotograph in figure 8. The fresh castings which 
were being thrown out when the photograph was taken was evidence 
that the larva was aJive. After taking the picture the burrow was 
opened. The larva had made a typical excavation under the skin. It 
appeared to be imaffected by the poison but no special observations 
w^ made to determine this point with certainty. The probable 
explanation of such occurrences is discussed near the close of th^ paper. 

Fadom reioMng t& the protectivmess of ike cverspray coverage . — The 
distribution of the lead ar^nate in case of the overspray coverage was 
much more irr^^ular than that of the coarse coverage. Wherever a 
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large drop of spray ran down just before spraying was stopped, the 
path of the drop presented a relatively large area which, on casual 
observation, appeared to bear very little poison. It should be men- 
tioned that special care was taken not to cause any drop to run down 
after spraying was completed. In general, the oversprayed apples 
appeared to be less effectively covered than those of the coarse coverage 
yet the protectiveness of the two coverages was about the same. This 
fact seemed to be due in part, at least, to tliree factors: first, it was 
noticed that some deposits of the overspray coverage were larger and 
thicker than any of the coarse coverage; second, as soon as a drop ran 
down other drops immediately began forming in its path; third, it is 
possible that a thin fihn of poison may have adhered to the apple skin 
as the drops ran down. 

TABLE 5 

Results of Tests with Apples Oversprayed, and with Apples [Heavily 
Oversprayed and then Lightly Shaken 


Lead arsenate, 2 lb. to 100 gal. 


Series of apples 

Typical overspray coverage 

Apples heavily oversprayed and 
lightly shaken 

En- 

trances 

Stings 

Total 

mmg AB 2 O 3 
persq. cm. 

En- 

trances 

Stings 

Total 

mmg. Aa203 
persq. cm. 

1 


4 

10 


11 

3 

14 


2 

7 

7 

14 


14 j 

3 

17 


3 1 

6 

4 

10 * 


8 

6 

13 


4 

8 

4 

12 


10 

6 

16 


Total number 

27 

19 

46 


43 

17 

60 


Per cent ... .. ..... 

27 0 

19 0 

46 0 


43.0 

! 17.0 

60 0 


Average i 


8.63 


4.20 


The third factor has been a matter of considerable speculation. 
Some persons have believed that an oversprayed apple is covered by a 
very thin film as a result of numerous drops running down and it has 
been supposed that such a film would be effective in preventing injury 
by codling moth larvae. In order to secure information on this, four 
apples were heavily oversprayed by applying twenty cubic centimeters 
of spray to each. Immediately after spraying, the apples were lightly 
shaken in order to cause the larger drops to run off. Another four 
apples having a typical overspray coverage were used as cheeks. 
Twenty-five freshly hatched larvae were then placed on each of the 
apples. Finally, determinations were made of the arsenic and com- 
putations made of the average number of micromilligrams of arsenious 
oxide per square centimeter of surface for each group of apples. The 
results of the test are shown in table 5. The data indicate that if a 
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film of lead arsenate formed on the paths of the drops which ran off, it 
was of slight effect in protecting the apples. About one-half as much 
arsenic occurred on the apples heavily sprayed and shaken as on those 
typically oversprayed. 

The coverage resulting from overspraying and shaking probably 
approximates that resulting from overspraying apple trees in the 
orchard when wind is blowing. The experiment indicates that almost 
half the value of the spray may be lost under such a condition. 

Factors relating to the ’protectiveness of the film coverage . — So much 
emphasis has been placed upon “lack of thoroughness” in appl3dng spray 
as a leading cause for failure to control the codling moth that a great 
many persons have come to beheve that complete coverage would result 
in complete protection. When no other explanation for a “wormy” 
crop of apples has seemed plausible, the sprays being properly timed 
and the applications being made with exceptional thoroughness, it has 
been supposed that the poor control was due to the larvae entering 
between deposits of poison. Spreaders and the film type of coverage 
were brought into prominence on the theory that if the deposits of 
lead arsenate could be eli m inated and the apples covered with a com- 
plete film, much better protection would result. 

Examination of tables 1 and 2 show clearly that other factors than 
completeness of coverage are involved. With the concentrations of 
one-half, two and four pounds to one hundred gallons, about as many 
larvae caused injury through the film coverage as through the coarse 
and overspray coverages. The film coverage of eight and sixteen pounds 
to one hundred gallons, however, resulted in fewer entrances than the 
spotted coverages of the same concentrations. 

The m<^t important factor in the protectiveness of the film coverage 
is the thickness of the fiOhn. The newly hatched larva digs or burrows 
through the apple skin; it does not literally eat through. Bits of skin 
are cut off with the mandibles and cast aside. Very little, and some- 
time none at all, is swallowed (see page 446) . If the film of lead arsenate 
is thin, as was the case with the lower concentrations, many larvae 
will not swallow any poison or not enough to loll them. The thicker 
the coating of poison, the greater the probability of the larvae obtaining 
lethal doses of arsenic in digging through the skin. Further evidence 
on this matter is given in table 8 and figures 12, 13 and 18, and the 
discQSSicm relating to these. 

Two other reasons may be mentioned why the filtn coverage did 
not give materially better protection than the spotted coverages; first, 
the lead arsenate of the film adhered firmly to the surfaces of the apples 
and this m i nimi zed tire pomhOity of the larvae gathering up particles 
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of poison while crawling over the apples; second, the film coverage 
presented no irregularities which would tend to stimulate the larvae to 
bite against the poison as apparently occurred in case of the spotted 
coverages. 


Apples with Two Applications of Spkay 

As a possible explanation of the relative ineffectiveness of the lead 
arsenate in protecting the apples in the foregoing tests, the suggestion 
was made that perhaps the spotted coverages would have given better 
results if two applications of spray had been applied. It was thought 
that the drops of the second application might form on the uncovered 

TABLE 6 

Results of Placing Twenty-five Larvae Each on Apples Receiving Two 
Applications of Spray. (For the purpose of comparison, results of single 
spray applications, taken from table 1, are also included.) 


Lead arsenate, 2 lb to 100 gal. 



Mist coverage 

Coarse coverage 

Overspray coverage 

Film coverage 

Series of apples 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

1 

16 

2 

18 

4 

7 

11 

2 

6 

1 8 

4 

6 

10 

2 

12 

3 

15 

4 

6 

10 

4 

6 

1 9 

6 

6 

1 11 

3 

14 

1 

15 

8 

2 

10 

3 

6 

8 

5 

4 

9 

4 

10 

3 

13 

6 

2 

8 

8 

2 

10 

5 

5 

10 

Total number 

52 

9 

61 

22 

17 

39 

17 

18 

35 

19 

21 

40 

Per cent - 

52 0 

9.0 

61 0 

22 0 

17.0 

39.0 

17.0 

18.0 

35 0 

19.0 ! 

21.0 

40.0 

Percentage of larvae 
causing injury in tests 
of one application. 
(Table 1.) 

Lead arsenate; 

2 lb. to 100 gal 

68.4 

6.6 

76.0 

i 

31.2 

12.6 

43.8 

34.4 

13.8 

46.2 

33.0 

i 

i 

13.2 

46.2 

4 lb. to 100 gal 

64 0 

11.2 

65.2 

24.0 

19.2 

43.2 

23 3 

19.8 

43.0 

22.0 

19 0 

41.0 


spaces left by the first application. In order to secure information on 
this point, several tests were made in which apples were sprayed twice, 
the second application being applied after the first had dried. The 
calyx cavities were filled with shellac and the apples suspended as in 
previous tests. Larvae were then place on the apples. The results of 
these tests are given in table 6. The two applications of spray at two 
pounds to one hundred gallons gave about the same protection as the 
one application of spray at four pounds to one hundred gallons shown 
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in table 1. While applying the spray it was noticed that the drops 
of the second application invariably formed on the deposits of the first 
application. Consequently, the interspaces resulting from the two 
applications were about as large as those of the single application 



Fig. 9. Left: apples with application of spray. Right: the same apples after 
second application of spray had been applied. 

(fig, 9). It appeared that the principal effect of the second spray was 
that of doubling the thickness of the deposits of the first. Observations 
in orchard spraying revealed the same tendency of the drops of the 
second and third applications to collect on the deposits of the first. 
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Ratio of Enteances to Stings 

It will be observed in all the tests that the percentage of entrances 
varied inversely with the percentage of stings, except in the concen- 
tration of sixteen pounds to one hundred gallons in which there occurred 
a reduction in both entrances and stings. This tends to confirm the 
belief advanced by Melandei'^^ that the ratio of entrances to stings 
affords the best basis for judging the efficiency of orchard spraying. 
A high proportion of stings in relation to entrances indicates a high 
percentage of larvae killed. 


Quantity of Lead Arsenate in Relation to Protection 

Concentration of spray in relation to protection . — As previously men- 
tioned there has been a decided disposition on the part of spray authori- 
ties to regard the amount of poison on the apple as a matter of rela- 
tively minor importance in codling moth control. Analyses that have 
been reported have suggested that scarcely more than a trace of lead 
arsenate over the surface is sufficient to prevent entrances. The con- 
ception apparently has been that if one apple was sprayed all over with 
a concentration of two pounds to one hundred gallons and another 
sprayed in the same manner with a concentration of four pounds to 
one hundred gallons, the uncovered interspaces on the one would be 
just as large and as numerous as on the other. No larva, presumably, 
would be able to go through a deposit of the lower concentration and, 
therefore, nothing could be gained by using a higher concentration. 

In these studies it was found that increasing the concentration of 
lead arsenate resulted in all cases in decreasing the percentage of 
entrances and, to a less extent, in reducing the percentage of total 
injury. This is graphically illustrated in figure 10. It will be observed 
that the curve representing the entrances made through the film 
coverage is nearly a straight line, indicating a fairly constant ratio 
between concentrations and entrances. The curves of the noist, coarse 
and overspray coverages are less regular than the curve of the film 
coverage. It appeared that doubling the concentration in case of the 
fihn coverage resulted in uniformly doublmg the thickness of the film, 
thereby uniformly decreasing the percentage of larvae that succeeded 
in digging through; while doublmg the concentration of the spotted 
coverages resulted in doubling the thickness of the deposits without 
very materially decreasing the si^e of the interspaces (fig, 12). 
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la table 7 is given a summary of the data of table 1, including the 
average percentage of injury for the four types of spray coverages. 
The average percentage of injury in relation to concentration is shown 

TABLE 7 

SuMMAKT OP Data from Table 1, Showing the Relation op Lead Arsenate 
Concentration to Percentage op Larvae Causing Injury 


Type of coverage 

Lead arsenate, 

2 lb. to 100 gal. 

Lead arsenate, 

4 lb. to 100 gal. 

Lead arsenate, 

8 lb. to 100 gal. 

Lead arsenate, 

16 lb. to 100 gal. 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

. . 

68 4 : 

6.6 

75 0 

54 0 

U 2 

65 2 

49 8 

12 2 

62 0 

29 2 

16 4 

45 6 

Coarse 

31.2 

12 6 

43 8 

24 0 ! 

19.2 

43 2 

15 6 

21,8 

37 4 

9 4 

19 0 

28 4 

Overspray , 

34 4 

13 8 

48 9 

23 3 1 

19.8 

43 0 

15 6 

18 6 

34 2 




Film 

33 0 

13.2 

46 2 i 

.1 

22 0 j 

19 0 

41 0 

10 2 

22 2 

32 4 

2 3 

15 8 

18.0 

Average 

42 2 

11 6 

53 8 

31.2 

17.2 

i 

48 4 

22 8 

18 7 

41.6 

11.2 

17.3 

28.5 


poQSDS or LUfi iRsxiAn: to lOo oauobs or watxr. 
i-lOO 2-100 l^r.lOO O-lOO 16-100 1-100 2-100 4-100 8-100 16-100 





May, 1926] Smith: Lead Arsenate in Controlling the Codling Moth 


431 


by the curves in figure 11. It will -be noted by the averages that 
doubling the amount of lead arsenate resulted in each case in reducing 
the number of entrances by approximately eleven per cent. Increasing 
from two pounds to four pounds reduced the total injury 5.4 per cent; 
increasing from four to eight pounds reduced the total injury 6.9 per 
cent; increasing from eight to sixteen pounds reduced the total injury 
13.0 per cent. 

LEAD ARSENATE CONCENTRATIONS. 



Fig. 11. ^ Curves based on data of table 1, showing average percentage of 
larvae causing injury through mist, coarse, overspray and film coverages in rela- 
tion to lead arsenate concentration. 

Thickness of lead arsenate deposit in relation to protection, — Deter- 
minations were made of the arsenic in all the tests recorded in table 1, 
and from this was computed the average amount of arsenic per square 
centimeter of apple surface. The data, together with percentages of 
injury, are given in condensed form in table 8. In all instances the 
percentage of entrance^ varied inversely with the amount of arsenic 
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per square centimeter, while up to the point corresponding to the eight- 
pound concentration, the percentage of stings varied directly with the 
amount of arsenic per square centimeter. 

Although the film coverage gave slightly better protection than the 
coarse coverage, the amount of arsenic per square centimeter was about 
one-third that of the coarse coverage. This indicates that the film 
coverage is three times as eflScient as the coarse coverage. The relative 
efficiencies of the different coverages are shown by the curves in figure 
13. It will be noted that twenty-five micromilligrams of arsenic 
(AS 2 O 3 ) per square centimeter resulted in 2.3 per cent of entrances |with 



Fig, 12. Apples sprayed with lead arsenate in concentrations of (left to right) 
one-half, two, four and eight pounds to one hundred gallons. Upper, film coverage; 
lower, coarse coverage. 

the film coverage while seventy-seven and one-half micromilligrams in 
ease of the coarse coverage resulted in 9.4 per cent of entrances. By 
extending the curves in the &st graph, it appears that complete protec- 
tion against entrances would be secured at about thirty micromilligrams 
per square centimeter with the film coverage and at about one hundred 
and fifty imcrnrnilhgrarns with the coarse coverage. Similarly, extend- 
ing the curves in the second graph, indicates that complete freedom from 
injury would result at about forty microroilligrams in case of the film 
coverage and at over two hundred micromilligrams with the coarse 
coverage. Still further evidence of the greater efficiency of the film 
coverage is that fhe percentage of stings began to decrease at approxi- 
mately fourteen imcromilligrams, whereas, decrease in stings in case of 
the coarse coverage began at approximately thirty-five nucronhlligrams. 
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TABLE 8 

Average Amount of Arsenious Oxide per Square Centimeter op Apple 
Surface and Percentages of Injury for the Tests Shown in Table 1 


Lead arsenate 
concentration 

Mist coverage 

Coarse coverage 

mmg. AS 2 O 3 

Per cent of injury 

mmg. AasOs 

Per cent of injury 

persq cm. 

En- 

trances 

Stings 

Total 

per sq. cm 

En- 

trances 

Stings 

Total 

2 lb. to 100 gal 

2 10 

68 4 

6 6 

75 0 

9 78 

31 2 

12 6 

43.8 

4 lb. to 100 gal. 

3 04 

54 0 

11 2 

65 2 

17 45 

24 0 

19 2 

43 2 

8 lb. to 100 gal. . 

4 92 

49 8 

12 2 

62 0 

34 70 

15 6 

21 8 

37 4 

16 lb. to 100 gal 

13 74 

29 2 

16 4 

45 6 

77 51 

6 4 

19 0 

28 4 

Average .... 

5 01 

53 4 

10 9 * 

64 3 

34 86 

19 9 

18 2 

38 2 


Overspray coverage 


Film coverage 


Lead arsenate 
concentration 

mmg AS 2 O 3 
persq cm. 

Per cent of injury 

mmg AS 2 O 3 
persq cm 

Per cent of injury 

1 

En- 

trances 

Stings 

Total 

1 

En- 

trances 

Stings 

Total 

2 lb. to 100 gal 

8 20 

34 6 

14 4 

48.9 

3 83 

33.0 

13 2 

46 2 

4 lb. to 100 gal . . 

17 17 

23.3 

19 8 

43 0 

6 86 

22 0 

19 0 

41 0 

8 lb. to 100 gal 

32 83 

15 6 

18 6 

34 2 

13 87 

10 2 

22.2 

32 4 

16 lb. to 100 gal 



• • i 

• - 

24 99 

2 3 

15 8 

18.0 

Average .. . . 

20.65 

24 0 

17.6 

41 6 

11 43 

17.6 

17.6 

35 2 


laoEOMiLLKffiiMS OT iRflurious oudi pm or appuc swriot * 



Fig. 13. Curves based on the data of table 8, showing relation of quantity 
of arsenious oxide per square centimeter of apple surface to percentage of larvae 
causing injury. 



434 


Eilgardia 


[Vol. 1, No. 17 


LARVAE ON APPLES DUSTED WITH LEAD ARSENATE 

Scores of orchard experiments have been made in various parts of 
the country to determine the relative merits of applying lead arsenate 
as a dust and as a spray. The experimental data accumulated have 
been so erratic that the question of spraying versus dusting is about 
as unsettled now as it was ten or twenty years ago. The removal of 
the dust by rain and wind is doubtless an important factor in the 
eflScacy of the dust treatment. It seems almost incredible that in a 
great many reports of orchard dusting experiments no mention what- 
soever has been made of the possible influence wind and rainfall may 
have had on the results. 

Studies Made in the Laboeatoey 

In order to obtain more information on the efl&cacy of the dusting 
method of codling moth control, seven series of apples were dusted 
uniformly with a dry mixture consisting of ninety per cent flowers of 
sulfur, approximately two-hundred mesh in fineness, and ten per cent 
lead arsenate. The material was applied with a small hand duster. 
The Q9>\yx cavities of the apples were filled with shellac and the apples 
suspended as in previous tests. The covering of dust was such as to 
be decidedly visible to the unaided eye. Certain of the apples were 
blown against strongly with the breath; others were lightly sprayed with 
distilled water until drops ran down over the whole surface of each apple; 
and on others the dust covering was left undisturbed. Twenty-five 
freshly hatched codling moth larvae were then transferred to each apple. 
The results of the tests are given in table 9. Blowing against the apples 
and spraying them greatly reduced the protectiveness of the dust 
covering. It should be mentioned that the dust was not applied to 
the apples with force. It was foxmd later that when dust strikes the 
apple with considerable force, it adheres more firmly than when it falls 
lightly upon the surface. 

Studies Made in the Oechaed 

T^fts on the eflScacy of the dust treatment were also made with 
apples in their natural positions on the trees, similar to the orchard 
spray tests reported in table 2. The results of these tests, as shown 
in table 10, agree closely with those made in the laboratory. 

The dust coverage when undisturbed was much more effective in 
comparison with the spray than was expected. L^ than one-half as 
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TABLE 9 

Results of Placing Twenty-five Lahvae- Each onto Apples Dusted with 

Lead Arsenate 


Series of apples 

Dust 

undisturbed 

Apples blown 
against 

Apples lightly- 
sprayed 

Check 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

1 

2 

7 

9 

7 

6 

13 

11 

2 

13 

18 

1 

19 

2 

4 ' 

6 

10 

5 

3 

8 

12 

0 

12 

18 

2 

20 

3 

4 

3 

7 

11 

1 

12 

16 

0 

16 

16 

0 

16 

4 

2 

2 

4 

13 

0 

13 

15 

2 

17 

21 

0 

21 

5 

5 

1 1 

6 

14 

0 

14 

16 

0 

16 

17 

0 

17 

6 

1 

3 

4 

1 

5 

6 

10 

3 

13 

17 

1 

18 

7 

5 

3 

8 

2 

2 

4 

12 

2 

14 

17 

0 

17 

Total number . 

23 

25 

48 

53 

17 

70 

92 

9 

101 

127 

4 

131 

Per cent , 

13 1 

14 3 

27 5 

30 3 

9 7 

40 0 

52 6 

5 2 

57.7 

72.6 

2 3 

74 9 


many entrances were made through the dust coverage as through the 
coverage of spray in concentration of two pounds of lead arsenate to 
one hundred gallons of water. Observations on the behavior of the 
larvae indicate that the reasons for the greater protectiveness of the 
dust are: first, the larva is more likely to gather up and swallow particles 
of poison on the dusted apple than on the sprayed; second, the dust 
accumulates on the spinneret and on other parts of the head and body, 
which greatly impedes the activity of the larva. Preparatory to 
digging into the apple, the larva spins a more or less distinct mat of 
fibers with which to hold fast while cutting away the skin. The dust 


TABLE 10 

Results of Placing Twenty-five Larvae Each onto Dusted Apples Hanging 

Naturally on Trees 


Series of apples 

Dust 

undisturbed 

Apples blown 
against 

Apples lightly 
sprayed 

Check 

Entrances 

Stings 

Total 

Entrances 

Stings 

Total 

! 

a 

(A 

H 

1 

3 

o 




1 

3 

6 

9 

9 

4 

13 

12 

3 

16 

22 

0 

22 

2 

3 

4 

7 

11 

2 

13 

14 

0 

14 

18 

0 

18 

3 

5 

4 

9 

6 

6 

11 

9 

3 

12 

16 

0 

16 

4 

2 

2 

4 

6 

4 

10 

12 i 

2 

14 

20 

0 

20 

Total number... 

13 

16 

29 

31 

16 

47 

11 

8 

55 

76 

0 

76 

Bot cent 

13 

16 

29 

31 

16 

47 

11 

8 

65 

76 

0 

76 
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seems especially to frustrate the larva in this operation. If the dust 
coating adheres firmly to the surface of the apple, however, the larva 
is not appreciably inconvenienced. Apples which had a heavy firm 
covering of road dust were entered by larvae just as readily as apples 
having no dust covering. 


LARVAE ON APPLE LEAVES SPRAYED WITH LEAD 
ARSENATE 

During the Inonths of May and June when the apples are small a 
high percentage of codling moth eggs are laid on the leaves of apple 
trees. It has been supposed that many larvae become poisoned by 
feeding on sprayed leaves before finding apples. The following labora- 
tory studies were made to obtain further information on this subject. 



Fig. 14. Cuttings of apple branches ready for tests. 


Early in June growing ends of apple branches were cut off and placed 
in v^els of water, as shown in figure 14. Twenty-five cuttings, 
eighteen inches long, were used. Care was taken to select cuttings 
with the same number of leaves and in other respects alike. The 
upper and under surfaces of the leaves and the bark of certain of the 
cuttings were sprayed with lead arsenate. An unsprayed apple was 
fastened to each cutting by diagonally clipping off the apple stem, 
covering it with glue and then firmly fixing the cut end to the bark 
with a small insect pin. In otHier-tests the leaves were left 'unsprayed 
and sprayed apples were fastened to the bark. The calyx , cavities of 
the apples were filled with sheUac. The coarse coverage of lead arsenate 
spray was used on both leaves and apples. After the^pray had dried, 
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twenty-five freshly hatched larvae were placed on the fourth leaf above 
the apple on each cutting. The larvae had to crawl approximately the 
same distance on each cutting in order to reach the apples. Three 
days after transferrmg the larvae, careful examinations were made of 
the apples, leaves and stems, and records made of the number of live 
larvae and of various injuries. The results of the tests are given in 
table 11. 

TABLE 11 

Showing the Resxtlts of Transferring Twenty-five Larvae Each to Cuttings 
FROM THE Growing Ends of Apple Branches to which Apples were Arti- 
ficially Attached 


Treatment 

Cutting 

Live 

larvae 

in 

apples 

Live 

larvae 

in 

stems 

Live 

larvae 

in 

leaves 

Total 

live 

larvae 

Stings 

on 

apples 

Feeding 

places 

on 

stems 

Feeding 

places 

on 

leaves 

Total 

feeding 

places 

on 

leaves 

and 

stenis 


1 

15 

5 

1 

21 

0 

0 

1 

1 


2 

11 

3 

2 

16 

0 

2 

5 

7 


3 

12 

3 

5 

20 

0 

2 

2 

4 

Check — unsprayed 

4 

9 

3 

4 

16 

0 

1 

3 

4 


6 

7 

2 

4 

13 

0 

2 

4 

6 

Total number 


54 

16 

16 

86 

0 

7 

15 

22 

Per cent 


43 2 

12 8 

12 8 

68.8 ‘ 

0 0 

5 6 

12 0 

16 0 


1 

10 

2 

0 

12 

0 

0 

3 

3 

Leaves sprayed with lead 

2 

6 

2 

2 

10 

0 

! 3 

1 

4 

arsenate, 2 lb. to 100 gal. 

3 

6 

0 

2 

8 1 

0 

1 

3 

4 


4 

3 

2 

2 

7 

0 

1 

3 

4 


6 1 

3 

0 

0 

3 

0 

1 

1 

2 

Total number 


28 

6 

6 

40 

0 

6 

11 

17 

Per cent 


22 4 

4 8 

4 8 

32 0 

0.0 

4 8 

8.0 

13.6 


1 

6 

1 

1 

8 

2 

2 

5 

7 


2 

6 

1 

2 

9 

1 

2 

1 

3 

Apples sprayed with lead 


5 

4 

1 

10 

0 

1 

3 

4 

arsenate, 2 lb to 100 gal. 

4 

10 

3 

0 

13 

1 

2 

1 

3 


6 

3 

1 

4 

8 

0 

2 

2 

4 

Total number 


30 

10 

8 

48 

4 

0 

12 

21 

Percent 


24 0 

8 0 

6 4 

38 4 

3 2 

7.2 

9 6 

16 8 


1 

12 

2 i 

2 

16 

0 

0 

0 

0 


2 

7 

1 

3 

11 

0 

1 

3 

4 

Leaves sprayed with lead 

3 

11 

1 

2 

14 

0 

2 

4 

6 

arsenate, H lb. to 100 gal. 

4 

9 

1 

0 

10 

0 

1 

4 

5 


S 

6 

1 

4 

11 

0 

2 

1 

3 

Total number 


45 

6 

11 

62 

0 

6 

12 

18 

Per cent 


36 0 

4.8 

8 8 

49 6 

0.0 

4.8 

9.6 

14.4 


1 

7 

0 

0 

7 

1 

1 

2 

3 


2 

5 

0 

0 

5 

0 

0 

3 

3 

Leaves sprayed with lead 

3 

3 

1 

0 

4 

0 i 

0 

6 

6 

arsenate, 4 lb. tb 100 gal 

4 

2 

0 

1 

3 

0 1 

1 

1 

2 


5 

0 

0 

1 

1 

0 ' 

2 

2 

4 

Total number.., 


17 

1 

2 

20 

1 

4 

14 

18 

Per cent,..-, 


13.6 

0.8 

1.6 

16.0 

0.8 

3.2 

11.2 

14.4 
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Relative Value oe Spray on Leaves and on Apples 

The relative value of spray on the leaves and bark, and on the 
apples is best indicated by the number of hve larvae found at the end 
of the third day after transferring. These data are summarized in 
table 12. A comparison of the concentrations of two pounds to one 
hundred gallons, shown in columns three and five, indicates that more 
larvae were killed by the spray on the leaves and bark than by the 
spray on the apples. The extensiveness of injury to the leaves and 


TABLE 12 

Summary of Data on Tests with Cuttings from Growing Ends op Apple 

Branches 



Check 

unsprayed 

Leaves and bark sprayed with lead arsenate 

Apples sprayed 
lead arsenate 

H lb to lOO gal. 

2 lb to 100 gal 

4 lb to 100 gal 

2 lb to 100 gal. 

Live larvae in apples . . . 

43 2 

36 0 

22 4 

13.6 

24 0 

Live larvae in stems 

12.8 

4.8 

4 8 

0 8 

8 0 

Live larvae in leaves . 

12 8 

8.8 

4 8 

1 6 

6 4 

Total 

68 8 

49.6 i 

i 

32.0 

16 0 

38 4 


stems, however, was very much greater than that which occurs under 
orchard conditions. Examination, for example, of eight branches on 
which were 4744 leaves and sixteen apples, on a tree so badly infested 
wilh codling moth that there was an average of twelve injuries per 
apple, revealed only three feeding burrows in leaves and stems. This 
examination was made on August 22. It is believed, therefore, that 
only limited importance may be attached to the laboratory tests as 
regards the relative value of spray on leaves and on fruit. 

It is especially important to note that increasing the concentration 
of the lead arsenate in spraying the cuttings resulted in decidedly 
increasing the percentage of larvae killed. Two pounds to one hundred 
gallons resulted in thirty-two per cent live larvae and four pounds to 
one hundred gallons resulted in sixteen i>er cent live larvae. 
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LARVAE ON SECTIONS OP GLASS SPRAYED AND DUSTED 
WITH LEAD ARSENATE 

In order to obtain further data on the relative protectiveness of 
different types of spray coverages and different lead arsenate concen- 
trations, and also to secure further information on the manner in which 
jcodling moth larvae become poisoned, a number of studies were made 
in which freshly hatched larvae were placed on sections of glass treated 



Fig. 15. Sections of glass sprayed and dusted with lead arsenate, on which 
freshly hatched larvae were placed. 


with lead arsenate and thence transferred to unsprayed apples. Ordi- 
nary window glass was cut into sections three inches by fifteen inches 
in size. A piece of thread was fastened with sealing wax to the top 
of each section. Some of the sections were sprayed and some dusted 
uniformly on both sides. Tests were made of mist, coarse and film 
coverages with lead arsenate in concentrations of two and eight pounds 
to one hundred gallons. The dust was a mixture of ninety per cent 
sulfur and ten per cent lead arsenate, the same as used in the tests 
with apples. The sections were suspended over saucers of water and 
freshly hatched larvae placed upon them. In each case the larvae 
were placed near the middle of the section, half being placed on one 
side and half on the other. After remaining on the sections for periods 



440 


Hilgaj'dia 


[Vol. 1, Ko. 17 


TABLE 13 

Results of Tests in which Larvae were Placed on Sprayed and Dusted 
Sections op Glass and Later Transferred to Untreated Apples 



Type 

Hours 

Number 

Percent- 



Number 

Number 

Total 


of 

larvae 

of larvae 

age faU- 

Percent- 

Number 

percentage 


cover- 

remained 

placed 

ing off 

age dying 

trans- 

making 

making 


age 

on 

on 

of 

on 

ferredto 

entrances 

stings 

iniurv 


sections 

sections 

sections 

sections 

apples 














Ai 

B2 



2 

2 

35 

50 



18 

42 

10 

21 

2 

2 

}41 2 

58 3 


Mist 

3 

50 



44 

23 

1 

48 0 

54 5 


4 

4 

35 

50 



24 

37 

6 

13 

0 

0 

}22 4 

31 1 

§ 

o 


Total 

220 

19 5 

1 4 

155 

73 

5 

35 4 

50 3 


2 

2 

35 

50 



21 

42 

9 

9 

0 

2 

|23 6 

31.7 

£ 

o 

(Q 

tH 

05 

3 

3 

55 

60 



49 

36 

6 

3 

3 

3 

1 14 3 

17 6 

w 

s 

t3 

4 

4 

35 

50 



21 

32 

1 

2 

2 

1 

J 

j 11 3 

sS 

a 


Total 

275 

20 0 

5 4 

201 

30 

11 

14 9 

20 3 

e 

05 

TS 


2 

2 

35 

60 



20 

38 

6 

10 

1 

3 

I23 5 

34 5 

a 

s 

g 

3 

3 

65 

50 



49 

32 1 

6 

5 

3 

0 

1 13 3 

17 3 


s 

4 

4 

35 

50 



21 

34 ! 

1 

1 

1 

3 

/ ^ ^ 

10 9 



Total. . 

276 

22 9 

3 6 

194 

29 

11 

14 6 

20 6 


Grand total 

770 

20.9 

3 6 

550 

132 

27 

20 6 

29 0 



2 

2 

25 

50 



16 

38 

9 

13 

0 

2 

0 

CO 

45 3 


.a 

3 

3 

25 

50 



22 

40 

9 

11 

0 

0 

|26 7 

32 6 

’-4 


4 

4 

35 

50 



23 

34 

3 

11 

0 

0 

|l6 5 

24 6 

a 

s 

s 


Total . 

235 

24 7 

1 7 

172 

56 

2 

24 7 

33 7 


2 

2 

25 

60 



14 

40 : 

1 

6 

3 

2 

1 14.7 

20 4 

£ 

1 

3 

3 

25 

50 



22 i 
37 

2 

4 

2 

0 

} 10 7 

13 6 

00 

2 

<3 

4 

4 

35 

50 



17 

22 

0 

1 

0 

0 

1 1 2 

2 6 

1 


Total „ 

235 

29 4 

5 5 

152 

13 

7 

8.5 

13 2 



2 

2 

25 

50 



17 

39 

8 

6 

1 

3 

J24 0 

32.1 

1 

h-t 

g 

:3 

3 

3 

26 

50 



19 

29 

4 

2 

0 

2 

1 10.7 

16.7 



4 

4 

35 

50 



14 

20 

0 

0 

0 

0 

J 0 0 

0 0 



Total„ , .. 

235 

31.9 

6 4 

138 

20 

6 

11 1 

18.8 


j Grand total. 

705 

28 6 

4 5 

462 

89 

15 

14 7 

22 5 



2 

2 

60 

60 



37 

38 

9 

7 

2 

0 

hs 0 

24.0 

90%-10% 

3 

55 



52 

2 

0 

1 6 7 

6 9 

sulfur*-lead 

3 

60 



34 

2 j 

2 

arsenate 

4 

35 



19 

0 1 

0 

1 0 0 

0 0 

dust 

4 

60 



31 

0 

0 



Total.-. 

290 

22 1 

4.5 

211 

20 

4 

^ 8.3 

11.4 



2 

2 

60 

50 



44 

46 

28 

30 

0 I 

0 

J62,7 

64 4 

Check 

3 

3 

55 

50 



61 

46 

18 

27 

0 

0 ■ 

|42.8 

46.4 



4 

4 

35 

50 



26 

39 

12 

21 

0 

0 

Us 8 

50 8 



TotaL. . 

300 

16 0 j 

00 

252 

136 ' 

0 

45,3 

53,9 


^ Based or number of larvae plated on sections of glass. 
* Based on numbesr of larvae transferred to apples. 
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of two, three and four hours, the larvae were transferred to untreated 
apples. Subsequently, determinations were made of the number of 
entrances and stings on the apples. 


PERCENTAGE OF LARVAE CAUSING INJURY TO APPLES. 



Fig. 16. Graph based on the data of table 13, indicating the extent that 
freshly hatched larvae were able to injure apples after crawling over sections of 
glass sprayed and dusted with lead arsenate. 


Complete results of the tests are given in table 13 and a summary 
in table 14. The results are illustrated graphically in figure 16. More 
than twice as many larvae entered the apples from the mist coverage 
as from the coarse and film coverages. This inferiority of the mist 
coverage agrees with all other tests reported on foregoing pages. The 
coarse and film coverages gave about the same results, 

TABLE 14 

Summary op Data on Tests with Sections of Glass, Compiled prom Results 

SHOWN IN Table 13 



Lead arsenate, 

2 lb, to 100 gal. 

Lead arsenate, 

8 lb. to 100 gal. 

90%-10% aulfur- 
lead arsenate dust 

Check- 

untreated 


Total injury — 

Total injury — 

Total injury — 

Total injury — 

Type of coverage 

per cent 

per cent 

per cent 

per cent 


Ai 

B2 

Ai 

B* 

Ai 


Ai 


Mist coverage . . 

35 4 

50 3 

24.7 

33,7 





Coarse coverage .. 

14 9 

20.8 

8.5 

13 2 





Film coverage 

14 5 

20 6 

11 1 

18,8 





Dust coverage....^. 





8.3 

11 4 



Cheek.„ 







45.3 

54. S 

Averaga. . 

20.7 

m 

29.0 

1 13 3 

22.6 

8.3 

11.4 

45.3 

54.8 


1 Percentage of injury based on the number of larvae placed on the sections. 

> Percentage of injury based on the number of larvae transferred from the sections to the applee. 
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Seven per cent more larvae became poisoned on the sections sprayed 
with the eight-pound concentration than with the concentration of two 
pounds. The explanation for this result, the author believes, is that 
the thick deposits of the concentration of eight pounds to one hundred 
gallons stimulated the larvae to bite against the poison while this 
thigmotactic reaction was brought into play to less extent with the 
thinner deposits of the lower concentration. About the same per- 
centage of larvae became poisoned on the dusted sections as on those 
having the coarse coverage of lead arsenate at eight pounds to one 
hundred gallons of water. 

CALYX SPRAY STUDIES 

Limited studies were made for the purpose of obtaining information 
on the efficacy of lead arsenate in preventing the entrance of larvae 
through the calyces of apples. Yellow Bellflower apples were used in 
the experiments. At the time the trees were in bloom, certain branches 
were tagged and the blossoms sprayed individually by means of a small 
bulb atomi 2 er. In order to give uniform treatment to all blossoms, 
the tip of the atomizer was held approximately two inches directly in 
front of each calyx and four full aspirations made on the atomizer. 
This resulted in a finely divided spray striking the calyx with force and 
in sufficient quantity that some of the spray ran off the sepals. In 
case of the mist spray, the tip of the atomizer was held six inches from 
the calyx and the same number of aspirations made, but the spray 
resiched the calyx only as floating mist particles. The following treat- 
ments were made: 

Lead arsenate, 2 lb. to 100 gallons of water. 

(1) Full blossom, forceful spray; applied before petals had fallen. 

(2) C&ljXj forceful spray; applied just after all petals had fallen. 

(3) Calyx, forceful spray with casein-lime spreader added at the 

rate of one pound to one hundred gallons of spray; applied 
just after all petals had fallen. 

(4) Calyx, mist spray; applied just after all petals had fallen. 

Lead arsenate, 4 lb. to 100 gallons of water. 

(5) Calyx, forceful spray with casein-lime spreader as in No. 3; 

applied just after all petals had fallen. 

The last week of July the apples that developed from the treated 
bloescaoQS were picked and taken into the laboratory. Each apple was 
cut transvei^y into portions of one-third and two-thirds, the one-third 
portion being ^ blossom end. The cut surface of the blossom portion 
was placed on the bottom of a saucer and a small quantity of water 
placed in the saucer (fig. 17). Tqn freshly hatched larvae were then 
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placed inside the calyx, just under the sepals. Four days later the 
parts were removed and cut vertically so as to divide the calyx cavities 
into halves. Records were then made of the injuries. After this the 
sepals were cut off at their bases and thrown away. By use of a sharp 



Fig. 17. The blossom ends of apples placed in saucers containing a small quantity 
of water for calyx spray studies. 


TABLE 15 

Results of Calyx Spray Tests in which Ten Larvae were Placed in Each 

Calyx Cavitt 


Number 
of test 

Treatment 

Number 

of 

calyces 

Number of 
entrances 

Average micromilligrams of 
AsjOs per calyx cup 
and cavity 

Outer 

cups 

Inner 
cups 1 

Outer 

cups 

Inner 

cups 

Average 
per calyx 
cavity 

1 

Full blossom; lead arsenate, 2 lb. 








to 100 gal 

5 



2.4 

0 8 

3 2 

2 

Calsrx; lead arsenate, 2 lb. to 








100 gal 

. 10 



6 7 

2.3 

8.9 

3 

Calyx; lead arsenate, 2 lb. to 







100 gal. and spreader 

21 

0 

1 

9.6 

7 0 

16 6 

4 

Calyx; mist; lead arsenate, 2 lb. 








to 100 gal 

11 



1 0 

0 6 

1.6 

5 

Calyx; lead arsenate, 4 lb. to 








100 gal. and spreader 

12 

1 

4 

20,0 

13 3 

33.3 


knife, each one-half calyx cavity was cut out and determinations made 
by the Gutzeit method of the quantity of arsenic in the outer and the 
inner calyx cups. The stamens were included with the outer cup. 

The results of the tests are given in table 15.* The principal value 
of the studies is to indicate the relative effectiveness with which lead 

* Unfortunately, the data on the injury in tests 1, 2, and 4, were accidentally 
destroyed. 
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arsenate is placed in the calyx cavities by different spray methods, a 
matter that has been widely discussed during the past quarter century. 
The mist spray showed less than one-fifth as much arsenic per calyx 
cavity as the forceful spray. Almost twice as much arsenic occurred 
in the calyx cavities sprayed with lead arsenate and casein-lime spreader 
as in those sprayed only with lead arsenate. In applying the spray 
without the spreader it was noticed that there was a marked tendency 
for the particles of spray to bound off or to collect into drops and run 
off without wetting the calyces. Spraying before the petals had fallen 
resulted in about one-third less arsenic per calyx cavity than spraying 
after the petals had fallen. 

It is especially interesting to note that in test number 5, in which 
lead arsenate was used at the rate of four pounds to one hundred gallons 
of water, five larvae or approximately four per cent of the number 
transferred, entered apparently unharmed. 


STUDIES ON THE BEHAVIOR OF FRESHLY HATCHED 

LARVAE 

In order to understand the manner in which lead arsenate protects 
apples, it is necessary to observe the behavior of the larvae. Thigmo- 
taxis, phototaxis and thermotaxis were the most important tropisms 
influencing the larvae in the studies reported m this paper. 

Behavior on Unsprayed Apples 

When a freshly hatched larva is placed on an apple, it crawls rapidly 
over the surface, apparently in search of a suitable place to make 
entrance. If the surface is smooth, the larva may crawl for two or 
three hours before making any attempt to dig into the apple. Usually 
after the first fifteen or twenty minutes, the rate of locomotion gradually 
decreases and frequent pauses may occur during which the head is 
thrown from side to side. In the latter movement numerous fibers are 
spun beneath the head. Occasionally larvae were observed to grasp 
tibe^ fibers with the thoracic legs and bring the tips of the mandibles 
into contact with the apple but seemingly without making any serious 
attempt to force the mandibles through the skin. 

The larva exhibits a decided tendency to examine any slight eruption 
or other irr^ularity on the surface of the apple. When first placed on 
the apple, however, it may not pay the least attention to what may 
appear to the observer to be excellent places for entrance. 
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Ma:nner of Effecting Entrance 

If no especially favorable point of entrance is encountered; the larva 
finally comes to rest and spins a mat of fibers^ attached to the skin of 
the apple, beneath its head. This mat is grasped by the thoracic legs 
and the main strength of the body centered on forcing the points of the 
mandibles through the skin. The particles of skin that are cut out 
appear always to be rejected. The time required for making entrance 



Fig. 18. Microphotograph of a newly hatched larva and an entrance which 
it had started. Bits of apple skin cut on by the larva are piled about the hole. 
On the right is the head of a pin and on the lower left the shell of a codling 
moth egg. 

varies greatly, according to the vigor of the larva, and light and tempera- 
ture. One larva that was placed in direct sunlight just after starting 
an entrance, excavated a burrow deep enough to receive its body in 
twenty-four minutes, Usually the time required ranged from one to 
three hours when the temperature of the laboratory was about 76® F. 

The fact that t^ larva Heels the apple skiu was uot^ ^ 1^97 by 
Card®^ ant^ but its %nificance has been entirely 

overlooked by Two Hnds bf te^ ^ere made to. 

detmnfee whetJip tho Hirva swrfiowB any of the- skin ih digging ihfio 
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the apple. A small apple was given a thick coating of water-proof ink. 
After being suspended for a few days until the odor of the ink had 
disappeared, a number of larvae were placed on the apple. When a 
larva had burrowed the length of its body into the apple, it was removed 
and the digestive tract dissected out and examined for the presence of 
particles of ink. While in many instances the particles could be seen 
through the larva’s body, accmate information required dissection. 
From the careful study of twenty-five larvae, the following data were 
obtained: 

Number of Per cent of 

larvae larvae 


Black particles of ink found in digestive 

tract 18 72 0 

No particles of ink found in digestive tract . 7 28 0 


In the other test, three apples were coated with gentian violet stain, 
and larvae transferred and observed as in the above test. The follow- 


ing data were obtained: 

Number of Per cent of 
larvae larvae 

Stain pronounced in digestive tract 33 60.0 

Stain slight in digestive tract 14 25.4 

No stain in digestive tract , 8 14.6 


The studies indicated quite clearly that swallowing of particles of 
apple skin occurs incidentally as the larva digs into the apple. As 
previously noted herein, this has an important bearing on the efl&cacy 
of the film coverage of lead arsenate in protecting apples. If the film 
is thin, it might be expected that as many as fifteen per cent of the 
larvae will effect entrances without swallowing any poison. Since the 
larva must dig into the apple by use of its mandibles, it seems evident 
that the thicker the coating of poison is, the greater the chance that 
some poison will be swallowed. 

Behavior on Sprayed Apples 

When placed on an apple having a spotted coverage of lead arsenate, 
the larva exhibits a slight tendency to rest upon the deposits of poison. 
In doing this, mats of fiber are sometimes spun on the deposits and a 
number of instances were observed in which the mandibles were brought 
directly into contact with the poison. Some poison may at times be 
swallowed in this reaction* Perhaps the most marked reaction is the 
th%motactic response to the thick lower edges of spray deposits. Larvae 
were commonly observed to place the lower margin of their heads 
against the raised edges of depoidts and spend several seconds or a few 
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minutes “nosing” about. It was noticed that entrances and stings 
were commonly made at the edges of deposits. This is shown by the 
microphotograph in figure 19. Three entrances are shown, the lowest 
one being made directly through a deposit and the two toward the top 
being made at the edges of deposits. In order to obtain data on this 



Fig. 19. Microphot 9 graph of three entrances of freshly hatched codling moth 
larvae in apple with spotted coverage of lead arsenate. 


question, an apple was sprayed with calcium carbonate in concentra- 
tion of eight pounds to one hundred gallons of water, a coarse coverage 
being produced. Larvae were then transferred and after they had 
entered careful examination was made of the places where entrances 
were made. The following results were obtained: 


Through deposits .... 
At edges of deposits. 
Between deposits 


Numbeor of 
1 

12 

10 


Kumber of 

StjBgS 

5 

2 

1 


Per cent of 
total injury 

19.3 

45,2 

35.5 
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Behavior on Dusted Apples 

Loose dust very decidedly interferes with the movement of larvae 
over apples. The greater protectiveness of the dust covering of lead 
arsenate, as shown by foregoing tests, apparently is due to the larvae 
becoming poisoned while merely crawling over the dusted surface. 

Whether poisoning occurs through the particles of lead arsenate 
being taken into the spiracles or being swallowed, has not been definitely 
determined. An experiment was performed in which a small quantity 
of cornmeal was soaked in water-proof ink. After drying for several 
days, allowing the odor to disappear, the meal was ground in a mortar 
and the finest part separated out and dusted over an apple. Larvae 
were then placed on the apple and at the end of one-half hour their 
digestive tracts were examined for the presence of particles of corn- 
meal. Of twenty-five larvae examined, three revealed definite evidence 
of having swallowed some particles. 


SUMMARY AND CONCLUSIONS 

Probably no insect pest in the history of horticulture has been the 
subject of as much discussion and experimentation as the codling moth. 
During the past forty-five years investigations have dealt to a very 
laige extent with arsenical sprays as a means of control. The extensive 
literature reveals many incongruous experimental data and varied 
beliefs. Spray experiments have been confined almost entirely to tests 
made under orchard conditions. 

Laboratory studies with freshly hatched codling moth larvae were 
undertaken for the purpose of ascertaining the more basic facts relating 
to the efficacy of lead arsenate in protecting apples against codling 
moth injury. 

The principal tests were made with apples taken from trees during 
Jidy and August and sprayed in a technical manner in the laboratory. 
Pour types of spray coverages were differentiated and tested: mist, 
coarse, ov^:i^)ray and film. 

The spray was relatively ineffective in protecting the apples. With 
the octocenferation of two pounds of powdered lead arsenate to one 
hundred gallons of water, approximately one-third of the larvae entered 
the apples unMrmed through the coarse, overspray and fihb coverage- 

The mist covers^ vefcy much 3e^ ^edtiVo the 
coverages. '' > ^ /: ' v ' 
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The coarse, overspray and film coverages were about equal in pro- 
tectiveness at concentrations of four pounds or less of lead arsenate to 
one hundred gallons of water. At concentrations of more than four 
pounds to one hundred gallons the film coverage gave greater protec- 
tion than the other coverages. 

Increasing the concentration, in all coverages, resulted in decidedly 
decreasing the percentage of larvae effecting entrances. 

At equal amounts of arsenious oxide per square centimeter of apple 
surface, approximately one-third as many larvae entered through the 
film coverage as through the coarse and overspray coverages. 

In all coverages, protectiveness varied directly with the amount of 
arsenious oxide per square centimeter of apple surface. 

Apples heavily oversprayed and then lightly shaken to cause the 
large drops of spray to run off were injured very much more than 
oversprayed apples that were not shaken. 

The percentage of larvae making stings increased as the percentage 
effecting entrances decreased except that at the concentration of sixteen 
pounds of lead arsenate to one hundred gallons of water there was a 
decrease both in stings and entrances. 

A loose, light covering of 90%-10% sulfur-lead arsenate dust was 
much more effective in protecting the apples than lead arsenate spray 
in concentration of two pounds to one hundred gallons. 

Experiments in which larvae were placed on sprayed and dusted 
sections of glass and later transferred to unsprayed apples revealed that 
many larvae became poisoned while crawling over the sprayed and 
dusted glass; that the mist coverage was decidedly mferior to the 
others m killuig efliciency; that the greater the concentration of spray 
and the more lead arsenate on the glass, the more larvae killed; and that 
the loose covering of sulfur-lead arsenate dust was high in effectiveness. 

Experiments in which larvae were placed on the leaves of cuttings 
from the growing ends of apple branches, to which apples were arti- 
ficially attached, revealed that the spray on the leaves and bark was 
about equal to the spray on the apples in destroying the larvae and that 
the percentage of larvae poisoned varied directly with the concentra- 
tion of the spray. 

The thick lower edges of spray deposits stimulate the thigmotaotic 
reactions of freshly hatched larvae. 

Tests in which laryae were placed on apples coated with water-proof 
ink and on apples covered with gentian violet stain indicated that 
some larvae may reject the skin to such extent as not to swallow any 
in digging into the apple. ^ 

Thdckn^ : of film is the most important factor relating to tho 
protectivene^ of the him coverage. 
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UTILIZATION OF THE SOILS IN THE 
GILROY REGION 

STANLEY W. COSBY 


INTEODUCTION 

Care must be taken to observe the winds 
And changing skies, what modes and habits be 
The region ^s heritage, what gifts each place 
Bears or denies. These acres favor corn 
In yonder vines grow better; elsewhere spring 
Fruit orchards and a wealth of unsown green. 

— Virgil, 

It was recognized early in agricultural history that individual 
crops do not grow equally well in all environments — that certain plants 
require definite climatic, soil, and other conditions for their maximum 
development. 

Also, in regions containing diverse soils and growing diverse 
crops, it has been observed that under continued agricultural develop- 
ment there is a tendency, due to economic factors, for crops to 
be planted and to persist in soils where they are profitable and to 
disappear from soils where they are not. Eventually, the crops of a 
region will become aligned with the soils on which they are economic- 
ally best suited. 

In the south-central portion of the Santa Clara Valley a relatively 
long continued development of intensive agriculture has oeeurted, 
in which soil variation has been the chief factor in crop-distribution. 
The tree^ vines, and other crops in this region are located 
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ently with regard to these variations. (Figure 1.) So marked 
is this tendency that the crop and soil boundaries frequently coincide. 

This study deals with the extent of the correlation of these crops 
and soil types and, in this region, the proportion of each crop on 
each soil has been assumed to be a measure of the relative suitability 
of that crop for that soil. 



Fig, 1. Looking westerly across Santa Clara Valley near Coyote. Grazing 
on Mils in foreground j grain for hay on the coarse soils along the Coyote Creek j 
orchards (mainly French prunes) on the medium-textured Yolo soils in middle 
distance; and sugar beets, truck and seed crops on the heavy Lublin soils at 
base of the distant hills. 

Description op the Gilroy Eeqion 

Location . — This study covers that part of the Santa Clara Valley 
which extends from the vicinity of Coyote southeasterly to Gilroy and 
from the lower slopes of the Diablo Range on the east to the foothills 
of the Santa Cruz Mountains on the west. As indicated in figure 2, 
this region is roughly rectangular in shape with a length of twenty 
miles and an average width of three. 

Topography and Drainage . — The foothills of the mountain ranges 
on the east and west are sharply defined, emphasizing the relatively 
flat and smooth valley plain which slopes with a gentle gradient from 
an elevation of about 450 feet above sea-level at the mouth of the Coyote 
Creek canyon to approximately 250 feet at Coyote and 200 feet at Gil- 
roy. Near Morgan Hill an inconspicuous drainage divide is formed 
across the valley by the alluvial fan of Coyote Creek, which is the 
major stream in the northern drainage basin. Llagas Greek, with its 
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tributaries, carries the southern drainage into Monterey Bay, by way 
of the Pajaro Piver. Neither topography nor drainage have had a 
determining influence on the distribution of crops in this region. 

Climate . — The climate of the Gilroy Region is characterized by a 
long, practically rainless summer season and a rainy winter period. 
The U. S. Weather Bureau reports the mean annual temperature at 
Gilroy as 58.4° F. and the average annual precipitation as 20.09 inches. 



Fig. 2. Sketch map of the Santa Clara Valley and vicinity showing the location 

of the Gilroy Region. 

There is little variation in climate between different points in the 
region ; Coyote, on the north, has temperature and rainfall similar to 
those for Gilroy in the southern part, while Morgan Hill with a 
similar temperature has a slightly higher precipitation, probably about 
22 inches. From an agricultural standpoint, this difference in rainfall 
is of very minor importance, as irrigation is commonly practiced 
throughout the region. 

Acting as barriers, the Santa Cruz Mountains on the west and the 
Diablo Range on the east protect the region from the cold ocean 
fogs of the coast and the desiccating heat of the interior valley. With 
this protection from either extreme the Mimate of this portion of the 
Santa Clara Valley is a moderate one, conducive to the profitable 
production of a wide range of crops. 
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ently with, regard to these valuations. (Figure 1.) So marked 
is this tendency that the crop and soil boundaries frequently coincide. 
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and soil types and, in this region, the proportion of each crop on 
each soil has been assumed to be a measure of the relative suitability 
of that crop for that soil. 
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on Mils in foreground ; grain for hay on the coarse soils along the Coyote Creek ; 
orchards (mainly French prunes) on the medium-textured Yolo soils in middle 
distance; and sugar beets, truck and seed crops on the heavy Dublin soils at 
base of the distant hills. 

Description op the Gilroy Region 

Location . — This study covers that part of the Santa Clara Valley 
which extends from the vicinity of Coyote southeasterly to Gilroy and 
from the lower slopes of the Diablo Range on the east to the foothills 
of the Santa Cruz Mountains on the west. As indicated in figure 2, 
this region is roughly rectangular in shape with a length of twenty 
miles and an average width of three. 

Topography and Drainage , — The foothills of the mountain ranges 
on the east and west are sharply defined, emphasizing the relatively 
flat and smooth valley plain which slopes with a gentle gradient from 
an elevation of about 450 feet above sea-level at the mouth of the Coyote 
Creek canyon to approximately 250 feet at Coyote and 200 feet at Gil- 
roy. Near Morgan Hill an inconspicuous drainage divide is formed 
across the valley by the alluvial fan of Coyote Creek, which is the 
major stream in the northern drainage basin, Llagas Creek, with its 
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tributaries, carries the southern drainage into Monterey Bay, by way 
of the Pajaro River. Neither topography nor drainage have had a 
determining influence on the distribution of crops in tliis region. 

Climaie . — The climate of the G-ilroy Region is characterized by a 
long, practically rainless summer season and a rainy winter period. 
The U. S. Weather Bureau reports the mean annual temperature at 
Gilroy as 58.4° F. and the average annual precipitation as 20.09 inches. 



Fig. 2- Sketch map of the Santa Clara Valley and vicinity showing the location 

of the Gilroy Region. 

There is little variation in climate between different points in the 
region; Coyote, on the north, has temperature and rainfall similar to 
those for Gilroy in the southern part, while Morgan Hill with a 
similar temperature has a slightly higher precipitation, probably about 
22 inches. From an agricultural standpoint, this difference in rainfall 
is of very minor importance, as irrigation is commonly practiced 
throughout the region. 

Acting as barriers, the Santa Cruz Mountains on the west and the 
Diablo Range on the east protect the region from the cold ocean 
fogs of the coast and the desiccating heat of the interior valley. With 
this protection from either extreme the climate of this portion of the 
Santa Clara Valley is a moderate one, conducive to the profitable 
production of a w^ range of crops. 
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Transportation Facilities , — The coast route of the Southern 
Pacifie Company traverses the length of the Gilroy Region and 
supplies shipping facilities to all coast and eastern markets. No point 
in the region is more than four miles from a station on this railroad. 
The Coast Highway (a concrete-paved main highway connecting San 
Francisco and Los Angeles) parallels the railroad and, with the net- 
work of connecting roads, provides an adequate system for vehicular 
traffic. 

Soils , — Detailed descriptions of the soils of this region may be 
found in the Soil Survey of the Gilroy, California, Area (Advance 
Sheets, Field Operations of the U. S. Bureau of Soils, 1923), the 
Reconnoissance Soil Survey of the San Francisco Bay Region, Cali- 
fornia (Field Operations of the U. S. Bureau of Soils, 1914), and 
other California surveys. For the purpose of this paper, brief 
references to their major characteristics will suffice. 

Three main classes of soils are represented in the Gilroy Region ; 
(a) Recent alluvial, (h) Old transported, and (c) Residual. They 
are formed of material originating in the rocks of the coast mountain 
ranges, which consist principally of sandstones and shales with minor 
amounts of chert and numerous intrusions of basic igneous character. 
On the basis of their general physical characteristics, these soils may 
be arranged in seven sub-groups, as follows : 

(1) Recent alluvial soils of light to medium textwe, deposited 
under conditions of adequate drainage. These are deep, friable, 
well-drained soils of medium to high fertility and include the light 
to medium-teztured types of the Yolo and Vina series. 

(2) Recent alluvial soils of heavy texture^ generally deposited 
under conditions of restricted di’ainage. Characteristically, these 
have an adobe structure, a very high water-holding capacity, and 
are of high fertility. This sub-group includes the heavy -textured 
types of the Yolo, Dublin and Conejo series. 

(3) Recent alluvial soils which are being deposited at a suffi- 
ciently slow rate to permit progressive weathering, causing heavier 
mbsoUs, which tend to retard the movement of water and limit 
the development of root systems. In this sub-group are the Honeut 
an4 Laguna series of soils. 

(4) Old transported soils of gravelly character having rela- 
tively permeable subsoUs. These soils possess a lower content of 
organic matter and are of somewhat lower fertility than the recent 
alluvial soils. This sub-group includes the soils of the Pleasanton 
and Coming series. 
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(5) Old transported soils having non-calcareous, heavy-tex- 
tnred, compact, and relatively impervious siihsoils, -which limit the 
root-system development and impede the movement of water. This 
includes the soils of the Rincon, Pinole, and San Ysidro series. 

(6) Old transported soils having medium to heavy-textured 
surface soils and slightly compact, calcareous subsoils. This sub- 
group is of minor importance in the Gilroy Region and includes 
the limited areas of soils belonging in the Antioch and Montezuma 
series. 

(7) Residual soils; formed in place by the weathering of 
underlying bedrock. Their typically shallow depth and hilly 
topography makes them of minor importance. In this sub-group 
are the soils of the Aiken, Olympic, Arnold, and Climax series. 



Fig. 3. View across valley between Morgan Hill and Madrone, showing 
character and extent of agricultural development. 


Agriculture . — Gaspar de Portold, who discovered the valley in 
1769, described it as '^a beautiful park-like region spotted with mag- 
nificent oaks and abounding in wild game.^' The earliest permanent 
settlements were made during the first quarter of the nineteenth 
century and until California came under the jurisdiction of the 
United States the chief activity was the raising of cattle. Grain, 
principally wheat, was the first major crop to be planted, although 
attention soon was directed to dairies, orchards, and vineyards. In 
1870, the coast route of the Southern Pacific Company was constructed 
through the valley, giving a further impetus to agricultural develop- 
ment, which farced the cattle interests to the bordering fpo|MSl 
districts. , Since I88t) the planting of grains and, other extensive 
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has been rapidly replaced by fruit growing, a transition which has 
caused this region to be at the present time one of the most highly 
developed agricultural districts of the state. (Figure 3.) 

Approximately 85 per cent of the Gilroy Region may be classed as 
tillable land, of which about 80 per cent is cropped or otherwise devel- 
oped. Orchards (predominantly of the French prune) and vineyards 
comprise the greater part of the plantings. Irrigation is extensively 
practiced, nearly 90 per cent of the orchards and about two-thirds of 
the entire planted area being irrigated. Water for this purpose gen- 
erally is pumped from wells. 


Crop-Soil Measurements and CoRREii.iTiONS 

Crop and soil data were collected during three growing seasons, 
1923, 1924 and 1925. By means of a special survey in July, 1924, 
the crops were identified, measured and plotted on a suitable base map. 
This was superposed on a map of the soils (from the Gilroy soil 
survey) and a combined soil-crop map constructed (plate 1). The 
individual and the aggregate acreages of each class of crop on each 
type of soil were determined from this map and tabulated. (Plate 2.) 

Of the 47,045.1 acres covered by this study, these data show that 
39,747.0 acres are tillable and that 26,375.8 acres of these are planted 
to crops of various classes. Planting does not occur on all of the 
types and phases of soil in like proportion; Climax clay adobe (with 
an extent of 562.3 acres) is entirely unplanted, while approximately 
91 per cent of the Dublin silty clay loam (1751.8 acres in extent) 
is planted to crops. 

Smaller differences in relative development occur on the three 
most important and extensive soil types. The Yolo silt loam (with a 
total area of 4240.8 acres) has 86 per cent of its area planted to 
crops, the Pleasanton gravelly loam (with 7257.0 acres) has 82 per 
cent planted to crops, and the Pinole silt loam (5604.9 acres in extent) 
has 78 per cent of its area planted. 

Planted^ unplanted, and total acreages for each of the thirty-one 
soil types and phases and the three miscellaneous classes of materials 
rec(^i 2 ed in the Gilroy Region are given in table 1. 

The crops of the region are divided into twenty-two classes, eight 
of which are separated into bearing” and ''non-bearing.” In most 
cases the mixed, or interplanted, crop areas are distinguished accord- 
ing to their components. The French prune is the most extensively 
planted crop, occupying nearly 17,000 acres, as compared to about 
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TABLE 1 

Planted and Unplanted Acreages on Soil Types 


Soil type, or phase 

Planted area, 
in acres 

Unplanted 
area, in acres 

Total area, 
in acres 

Subgroup (1): 




Yolo gravelly loam 

991 1 

460 3 

1451 4 

Yolo fine sandy loam 

330 0 

726 5 

1056 5 

Yolo silt loam 

3671.1 

569 7 

4240 8 

Yolo silt loam, shallow phase 

1502 8 

510 0 

2012 8 

Yolo silty clay loam . . 

1637 2 

227 6 

1864.8 

Vina gravelly loam 

574 5 

407.9 

982 4 

Vina silt loam 

15.1 

15.4 

30 5 

ubgroup (2): 




Yolo clay adobe . . 

283 8 

79 7 

363 5 

Dublin silty clay loam 

1584 6 

167 2 

1751 8 

Dublin silty clay loam, gravelly phase 

205.1 

118 0 

323 1 

Dublin clay adobe .... 

979.2 

1014 3 

1993.5 

Conejo clay loam 

581.9 

523 9 

1105 8 

Cone jo clay adobe 

1235 6 

1937 0 

3172 6 

Subgroup (3): 




Honcut clay loam 

150.4 

32 4 

182 8 

Honcut clay loam, gravelly phase . 

84.7 

58 1 

142.8 

Laguna fine sandy loam . . 

194 6 

82 3 

276 9 

Laguna loam .... 

40 8 

85 3 

126 1 

Subgroup (4); 




Corning loam * 

93 3 

56.4 

149.7 

Pleasanton gravelly loam 

5994 3 

1262 7 

7257.0 

Subgroup (5): 




Pinole silt loam 

4420 5 

1184 4 

6604.9 

Pinole silt loam, rolling phase .. 

240.6 

250 3 

490.9 

San Ysidro silt loam 

820.5 

112 2 

932.7 

Rincon loam 

15.5 

64 4 

79.9 

Rincon loam, rolling phase 

84 7 

188 9 

273.6 

Subgroup (6): 




Antioch clay loam 

42.3 

722.3 

764.6 

Montezuma clay adobe 

12 8 

582 8 

595.6 

Subgroup (7): 




Arnold loam 

174.1 

264 4 

438.5 

Aiken gravelly clay loam 

241.6 

264.9 

506.5 

Olympic gravelly clay loam 

130 5 

556.8 

687.3 

Olympic clay adobe 

43.4 

282.8 

326.2 

Climax clay adobe 


562.3 1 

562.3 

Total, soil types 

26,375.8 

13,371.2 

39,747.0 

Miscellaneous: 




Riverwash 


66.7 

66.7 

Rough broken land j 

4 2 

498.9 

603.1 ’ 

Rough mountainous land 

79.5 

6648.8 

6728.3 

Total, miscellaneous 

83.7 

7214. 4 

7298.1 

Grand total i 

26,459.5 

20,585.6 

47,045. 1; 
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4500 acres of grapes, more than 1000 acres each of Sugar prunes, 
apricots, alfalfa, truck and seeds, and about 400 acres of pears. The 
other crops, with few exceptions, are of minor significance in this 
study and vary in extent between 12 and 700 acres. 

The different crop-classes in the Gilroy Eegion and the extent of 
their pure, mixed and total planted acreages are shown in table 2. 


TABLE 2 

PuEE, Mixed and Total Planted Areas of Each Crop Class 


Crop 

Pure planting, 
in acres 

Mixed planting, 
m acres 

Total planting, 
in acres 

French prunes 

13,533 5 

3,079 8 

16,613 3 

Sugar prunes 

1,161 7 

695.4 

1,857.1 

Apricots, . . 

1,197 5 

204 5 

1,402.0 

Peaches 

396.9 

231 8 

628 7 

Pears . . 

220 6 

188.5 

409 1 

Cherries . .... 

5 5 

18 4 

23 9 

Apples . . 

13 0 


13.0 

Figs 


13 0 

13 0 

Walnuts .... 

99 8 

541.7 

641 5 

Almonds . . . 

75 6 

107 9 

183 5 

Mixed orchard 

220.3 

7 2 

227 5 

Grapes ^ 

2,309 7 

2,101 2 

4,410 9 

Alfalfa 

1,037.8 

10,5 

1,048.3 

Truck or seeds . 

904 6 

123 7 

1,028.3 

Sugar beets 

629 2 


629 2 

Tomatoes 

393.6 

318 1 

711 7 

Com or sorghum 

155 0 

291 0 

446 0 

Strawberries 

51 1 

21.0 

[ 72.1 

Bushberries 

19 0 

8 0 

1 27.0 

Myrobalan seedlings 

61.2 


! 61.2 

Eucalyptus planting 

34.8 

. , 

34 8 

Nursery stock 

12 0 


12.0 

Total acreage 

22,532.4 

7,961.7* 

30,494. 1* 


* The net aro of mixed plantizig is 3S28.7 acres and the net total planting is 26,469.1 acres, there 
being a dnplicatioii of 4(@6.0 acres in the mixed planting which appears in these totals. 


Although some of the crops in this region are grown on a large 
of soil types, a very noticeable relationship exists between 
Urn more extensive crops and soils. This is more obvious if compari- 
sons, are made on the basis of the proportion of the planted area of 
each soil which is occupied by the crop. 

The French Prnm.—The most extensively planted erop in the 
Gilroy Region, is the French prune, acres ^ir^r pcen^ by 
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this fruit either in uniform stand or interplanted with other crops.* 
Cultural methods are simple and chiefly featured by irrigation, clean 
cultivation, and light pruning. Although a green cover crop is fre- 
quently grown, applications of commercial fertilizers are extremely 
rare. The chief rootstock used for the French prune is the myrobalan. 
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FIGURE 4 

RenATiVK DiSTEiBunon op tot Feekoh Peune 

The heights of the black, narrow columns indicate the percentages of the 
cropped area of each soil type planted to French prunes. 

The heights of the cross-lined, wider blocks indicate the percentages of the 
cropped area of each sub-group of soil planted to the French prune, t 

Each sub-group of soils is composed of those types having the same general 
physical characteristics, see page 458. These are briefly as follows : 

Sub-group no. 1 includes the recent alluvial soils with medium texture. 

Sub-group no. 2 includes the recent alluvial soils of heavy texture. 

Sub-group no. 8 includes the recent alluvial soils with heavy subsoils. 

Sub-group no. 4 includes the old transported soils with permeable subsoils. 

Sub-group no, 5 includes the old transported soils with impervious subsoils. 

Sub-group no, 6 includes the old transported soils with calcareous subsoils. 

Sub-group no. 7 includes the residual soils, 

^Included in this crop class, but having no appreciable influmce on the major 
relationships, are very minor acreages of Imperial, Robe de Sergeant, Silver, Stand- 
ard and Italian prunes. 

f In calculath^ the percentages for the snb-groups only those soil typ^ having 
a part of their acr^ge planted this crop were in<&uded^ . ^ 
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For more than half a century the French prune has been grown 
commercially in this region. The total acreage has shown a steady 
increase during this period, although many of the earlier orchards in 
unsuitable locations have been replaced by other crops. At present 
by far the greatest acreage of French prunes is located on the Yolo, 
Pleasanton and Pinole series of soils. This crop occupies 60 per cent 
of the total acreage of the Yolo, 54 per cent of the Pleasanton and 
about 43 per cent of the Pinole series of soils. 

A comparison on the basis of the percentage of the planted area 
of the different soils (figure 4) shows that the three most extensive 
soil types have the following relationship : French prunes constitute 
76 per cent of the planted area of the Yolo silt loam, 66 per cent of the 
Pleasanton gravelly loam and 60 per cent of the Pinole silt loam. This 
decreasing proportion is also found to occur in a comparison of the 
three sub-groups of soil in which these types are placed. Sub-group 
no. 1 has 71 per cent of its planted area in French prunes, sub-group 
no. 4 has 66 per cent and sub-group no. 5 is the lowest with 57 per 
cent of its planted area so utilized. A greater significance is given 
to these relative plantings if they be considered in conjunction with 
those for the Sugar prune which follow. 

The Sugar Prune . — Among the orchard crops, the Sugar prune 
ranks next to the French prune in extent of planting, occurring on 
1857.1 acres of the Gilroy region. Although this represents only 
slightly more than 10 per cent of the acreage occupied by the French 
variety, its importance lies in the relatively extensive planting on 
the soils of the Pinole series.* Cultural methods are similar to those 
for the French prune, with the exception of pruning. The Sugar prune 
is more heavily pruned than the French under similar circumstances. 
This practice is most extreme in those orchards located on the deep, 
friable soils of the Yolo and Vina series where the Sugar prune is 
cut back in the severe manner typically used with the apricot. 

The Sugar prune was introduced by Luther Burbank at the close 
of the last century in an attempt to develop a prune having a larger 
size with the excellent qualities of the French variety. This later 
introduction has been the chief reason for the relatively smaller 
acreage planted to this variety as compared to the French prune. 
Apparently due to a greater capability to endure adverse conditions 
and to a m ore vigorous habit of growth, the Sugar prune is better 

* Investigation of numerous references to the Sugar prune of this 

region has ^own that the Pinole series of soils have been locally: 

m<iieat2ng that local growers have founa a significant between 

these sods and the Sugar prune. 
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able to withstand the limiting elfeets of the heavy and impervious 
subsoils of the Pinole and related series than is the French prune. 
In fact, most orchardists consider the Sugar prune to be more satis- 
factory on these soils than they are on the deep, friable soils of the 
Yolo and Vina series. 

The Sugar prune is most extensively planted on the Pinole silt 
loam, occurring on 665.9 acres of this type (approximately 35 per 
cent of the total area devoted to this crop), as compared with 347,7 
acres on the Pleasanton gravelly loam and 77.3 acres on the Yolo 
silt loam. 
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FIGUBE 5 

Belattve Distribution or the Sugar Prune 

The heights of the black, narrow columns indicate the percentages of the 
cropped area of each soil type planted to Sugar prunes. 

The heights of the cross-lined, wider blocks indicate the percentages of the 
cropped area of each sub-group of soil planted to the Sugar prune.* 

- Each sub-group of soils is composed of those types having the same general 
physical characteristics, see page 458. These are briefly as follows: 

Sub-group no. 1 includes the recent alluvial soils of medium texture. 

Sub-group no. 2 includes the recent alluvial soils of heavy texture. 

Sub-group no, 3 includes the recent alluvial soils with heavy subsoils. 

Sub-group no. 4 includes the old transported soils with permeable subsoils. 

Sub-group no. 5 includes the old transported soils with impervious subsoils. 

Sub-group no. 6 includes the old transported soils with calcareous subsoils. 

Sub-group no. 7 includes the residual soils. 


* See footnote p. 463. 
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On a basis of the percentage of planted area (figure 5), the three 
most extensive soil types show the following relationship : 2.0 per cent 
of the crops planted on the Yolo silt loam and 5.0 per cent of the 
planted area of the Pleasanton gravelly loam are Sugar prunes, as 
compared to 15.0 per cent in the case of the Pinole silt loam. A 
comparison of the sub-groups of soils containing these three types 
shows a similar trend; sub-group no. 1 has less than 3.0 per cent 
of its planted area in Sugar prunes, sub-group no. 4 has 5.0 per cent, 
and sub-group no. 5 has nearly 18.0 per cent. 



. tihease figures show a distinct contrast in the relative distribution 
these two varieties of prunes, particularly in the case of the Yolo 
md JPinPle silt loaiiais. 

0rm^h M^&s^r^menis of French and Sngar Prunes.' — The suc- 
cessful production of French and Sugar prunes on the Pinole and 
Yolo salt hmm being appaMutly a^ociatfed with differences ;in h^its 
of growth and v^or, foinr hupdrod trees of 
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on both, soils were measured to determine: (1) rate of increase of 
trunk diameters, and (2) average length of shoot growth, at different 
ages. 

The average diameters of the trunks of these two prune varieties 
were found for trees of various ages on the two soils and curves were 
constructed of the rate of increase (figure 6). On the basis of these 
curves, each of the varieties made a more rapid growth on the Tolo 



Fig. 7. Curves of average shoot-growth for French and Sugar prune trees of 
various ages growing on the Tolo and Pinole silt loams. 

silt loam than they did on the Pinole silt loam. The trunk measure- 
ment of the ten-year old Sugar prune trees on the Yolo silt loam is 
one and one-half times that of the French prune on the same soil and 
nearly twice the size of that variety when grown on the Pinole silt 
loam. Further, the diameters of the bearing Sugar prun^ (eight 
years and older) on the Pinole silt loam average about one-half inch 
la^er than do those of the French prunes of similar age on fhe Tolo 
silt loam, ordinarily considered a better orchard soil. 
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In a discussion of the effects of the severity of pruning on the rate 
of trunk growth of young fruit trees, one investigator* states that 
the severe pruning of young trees results in a smaller diameter increase 
than does light pruning. Applying this conclusion to these two prune 
varieties, the increased size of the Sugar prune trunks may be ascribed 
to a greater inherent vigor of growth and not to pruning practices, 
as the Sugar prune is pruned more heavily than the French, particu- 
larly when grown on such soils as the Yolo silt loam. 

Curves also were constructed of the average lengths of shoot 
growth for trees of various ages of these varieties growing on both 
soil types. (Figure 7.) 

From these measurements it may be concluded that the sugar 
prune has a greater inherent vigor of growth than the French prune 
and that either variety makes a more extensive growth on the Yolo silt 
loam than on the Pinole silt loam. A striking difference is shown in 
the length of growth made by the bearing Sugar prunes on the Pinole 
silt loam as compared to that made by the French variety on the 
same soil (figure 8). These figures, supplemented by numerous field 
observations, indicate that the most desirable and profitable growth 
of these two prunes occurs when the French prune is planted on the 
Yolo silt loam and the more vigorous growing Sugar prune is located 
on the Pinole silt loam. 

The Grape . — The grape is the second most extensively planted 
crop in the Gilroy Region, occupying 4410.9 acres, comprising about 
16 per cent of the total planted area. This is about one-quarter the 
extent of the French prune acreage and more than twice that of the 
Sugar prune. 

With the sole exception of one very small planting of Thompson 
Seedless near San Martin, the grape plantings are all of the wine 
varieties. Despite the uncertain future for this crop, few vineyards 
have been replaced by other crops in recent years, and a normal 
proportion of the present acreage consists of new plantings. Under 
ordinary circumstances the greater part of the vineyards are not 
irrigated, but during the dry season of 1924 more than half of the 
acreage received one or more applications of water. The growers 
have found the grape to be better suited to the old transported soils 
than to ^e deep soils of recent alluvial formation. On the latter soils 
the vines make a very heavy vegetative growth which undesirably 
shades the fruit, adds to the labor of harvest, and seldom results in 
an increased yield, while the quality of the juice is generally poorer. 

* W. P. Tnfts. Umv. Oalifornia Agr. Bxp. Sta. Bulk 1919.' 
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The grape is most extensively planted on the Pleasanton gravelly 
loam, 1703.2 acres being so utilized, while the Pinole silt loam ranks 
second with 1261.6 acres and the Yolo silt loam third with 339.5 acres. 



Pig. 8. — Ten year old orchard eaat of Gilroy showing in length of 

shoot ^owth between French (tree No. 2) and Gngar (taree No. 1) prnnes on 
Yolo silt loam. Length of 19S5 growth i^own between outstretched hahds of iho 
two men. in lower photo. 
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On the basis of percentage of the planted area of the soil types 
(figure 9), the Pleasanton gravelly loam and the Pinole silt loam show 
similar relations, with the grape comprising 28 and 29 per cent of the 


cropped acreage of these soils. With a single exception, the Laguna 
loam, the recent alluvial soils have a considerably lower proportion 
planted to grapes. The Laguna loam, like a few other soil types which 
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EEnATTvn DisTRiBtmON or the Geafe 

The heights of the black, narrow columns indicate the percentages of the 
cropped area of each soil type planted to grapes. 

The heights of the cross-lined, wider blocks indicate the percentages of the 
cropped area of each sub-group oi soil planted to the grape.* 

Ba^ sub-group of soils is composed of those types having the same general 
physical charaeteHsties, see page 458. These are briefly as follows : 

Sub-group no. 1 inclnd^ the recent alluvial soils of medium texture. 

Sub-group no. 2 includes the recent alluvial soils of heavy texture. 

Sub-group BO. 3 includes the recent aUuvial soils with heavy subsoils. 

Sub-grohp BO, 4 ^eludes the old transported soils with permeable subsoils. 

Su^^group no. 5 mcludes the old transported soils with impervious subsoils. 

%^-group no. 6 mcludes the old transported soils with calcareous subsoils. 

^ no. f includes the residual soils. 

fibow large percentages planted to the grape, is of 

i%a|Scaisee due to the minor area involved. A correspondiflg 
relafen is shown hy the three principal sub-groups of soils; sub-group 
no. 1 has 7,T per eehi; Of its planted area in grapes, sub-group eLo. 4 
has 28,0 p er cent and. ^b^renp jm>. 5 has 27.2 ,pey trtilized. 

* Se« footnote p. 463. ' ^ ‘ ‘ ■' ' r,,' , 
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Tile correlation of this crop with the Pleasanton gravelly loam and 
the Pinole silt loam is in accord with the observations of the various 
growers as to the most profitable and desirable soil situation for 
the grape. 

The Pear . — The pear (with a total acreage of only 409,1 acres) 
shows a significant distribution. Although grown on a number of 



Relative: Bistbibution or this. Feae 

The heights of the black, narrow colnmna indicate the percentages of the 
cropped area of each soil type planted to pears. 

The heights of the cross-lined, wider blocks indicate the percentages of the 
cropped area of each sub-group of soil planted to pears, ^ 

Bach sub-group of soile is composed of those types having the same general 
physical characteristics, see page 468. These are briefly as follows : 

Sub-group no. 1 includes the recent alluvial soils of medium t^ure. 

Sub-group no, 2 includes the recent alluvial soils of heavy texture. 

Sub-group no. 3 includes the recent alluvial soils with heavy subsoils, 

Sub-group no. 4 includes the old transported soils with permeable subsoilsw 
Sub-group no. 5 includes the old transported soils with impervious subsoils* 
Sdb'group no. 6 includes the old transported soils with cafisareous subsbiJs. 
Sub-group no. 7 includes the residual soil^. ^ ; s 

* See footnote pi 463. r ' 
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soils in tlie Gilroy Region, this crop has been planted mainly on the 
heavier-textured recent alluvial soils included in the second and third 
sub-groups. 

The Bartlett is the chief variety. The Japanese pear is used as 
the principal root-stock in all but the oldest plantings. Cultural 
methods are simple and practically all of the orchards are irrigated. 

More than 90 per cent of the acreage planted to pears is on the 
recent alluvial soils, particularly those of the second and third 
sub-groups. The most extensive planting of this fruit (70.3 acres) 
is on the Conejo clay adobe, with slightly lesser acreages on the 
Laguna fine sandy loam and gravelly phase of the Honcut clay loam. 
The three most extensive soil types, Yolo silt loam, Pleasanton gravelly 
loam, and Pinole silt loam have only very minor acreages planted to 
this crop. 

On the basis of the percentage of the planted area of the soil types 
(figure 10), the gravelly phase of the Honcut clay loam has 59 per 
cent planted to pears, the Laguna fine sandy loa^a has 26 per cent, 
Vina gravelly loam has 8 per cent, and then next occur* the five 
soil types included in sub-group no. 2. A comparison of the soil 
sub-groups indicates a similar relationship; sub-group no. 1 has 1.5 
per cent (102.0 acres) of its planted area in pears, sub-group no. 2 
has 3.7 per cent (173.0 acres), and sub-group no. 3 has 32 per cent 
(102.0 acres) planted to this fruit. 

This correlation of the pear plantings and the heavy-textured 
recent alluvial soils is in accord with the opinions of growers, who 
have found that the pear is the most profitable orchard crop in the 
region for these soils. It is difficult to account for the relatively small 
percentage shown by sub-group no. 2, as compared to that of sub-group 
no. 3, except on an economic basis; only a very limited number of the 
crops of the region appear to grow well on the Honcut and Laguna 
soils although the second sub-group is particularly adapted to the 
production of seed and truck crops (see later) as well as being suited 
to a number of other crops grown in this region. 

Truck and Seed Crops , — The production of vegetable seeds is one 
of the unique and important agricultural activities of the Gilroy 
Region. The Santa Clara Valley is estimated to furnish 95 per cent 
of the lettuce seed, nearly all of the radish seed, and about 75 per 
cent of the onion seed produced in the United States. All of the 
factors that are involved in making this section one of the ideal spots 

* In this eoBsideration the Hanteztuna clay adobe has been ignored, despite 
its 13 per cent, as the acreage iavolyed is extremely small. 



Alay, 1926] Coshy: Utilisation of the Soils in the Gilroy Itegion 


473 


for the production of these highly specialized crops can not be success- 
fully determined, although the absence of wind and rain during the 
growing season is one of the most important causes. Within the 
district, however, the distribution of the seed crops is definitely 
associated with the occurrences of distinct soil characteristics. The 
nature of this crop being such that irrigation is very undesirable, the 
growlers have limited their plantings to the heavier types of the Yolo 
and Dublin series of soils, the highest in water-holding capacity and 
among the most fertile in the Gilroy Region. 
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RiyDA-TiVE Distribution' of Tr-uck or Seed Crops 

The heights of the black, narrow columns indicate the percentages of the 
cropped area of each soil type planted to truck or seeds. 

The heights of the cross-lined, wider blocks indicate the percentages of the 
cropped area of each sub-group of soil planted to truck or seeds.* 

Each sub-group of soils is composed of those types having the same general 
physical characteristics, see page 458. These are briefly as follows: 

Sub-group no. 1 includes the recent alluvial soils of medium texture. 

Sub-group no. 2 includes the recent alluvial soils of heavy texture. 

Sub-group no. 4 includes the old transported soils with permeable subsoils. 

Sub-group no, 5 includes the old transported soils with impervious subsoils, 

* See footnote p. 468, 
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Limited acreages of vegetables for market purposes are grown in 
this region, but at the time the crop survey was made it was impos- 
sible to determine whether the crop was destined for market as fresh 
vegetables or as seed, in some cases the owner himself had not made 
a decision. For this reason the vegetable plantings were included 
with the seed crops under the common heading of ' ^ Truck and Seed 
Crops/' 

Lettuce and onion seed have been found to produce best on the 
clay adobe and silty clay loam of the Dublin and Yolo series, while 
the radish yields best on the slightly lighter-textured soils, such as 
the Yolo silty clay loam and silt loam. 

The most extensive acreage of truck and seed crops is on the 
Dublin clay adobe, 331.3 acres (nearly one-third of the total acreage 
of the crop) occurring on this type. The next important plantings 
are the 236.4 acres on the Dublin silty clay loam and the 169.6 acres 
on the Yolo silty clay loam. 

Comparing the distribution of this crop on the basis of the per- 
centage of planted area of each soil type (figure 11), the Dublin clay 
adobe is again seen to be the most important, with 34 per cent of its 
planted area so utilized, followed in order by the Yolo clay adobe, 
with 27 per cent ; the Dublin silty clay loam, with 15 per cent ; and 
the Yolo silty clay loam, with 10 per cent. On the basis of a per- 
centage of the planted areas of the sub-groups a similar relationship is 
shown 5 sub-group no. 2 has 13.8 per cent of its planted area utilized 
for the production of truck and seed crops as compared to 2.9 per 
cent of sub-group no. 1 and less than 1.0 per cent in the case of 
sub-groups no. 3 and no. 4. 

The foregoing correlations indicate that the truck and seed crops in 
the Gilroy Region are grown almost exclusively on the recent alluvial 
soils of heavy texture, which are most economically suited to their 
production. 

Alfc^fa , — Alfalfa is of extensive occurrence in this region, with 
an aggregate extent of 1048.3 acres. The distribution of this crop is 
of minor significance as a large portion of the total acreage occurs in 
small plantings; many of the orehardists use it as a ground cover in 
their fruit-drying yards. A few large fields have been planted cpm- 
mereially in the central and southern portion of the Gilroy Region 
and these ocmir most extensively on the recent alluvial soils of the 
Yolo and Dublin series. 

The Apricot — ^The apricot is one of the extensively planted ctops 
of the region, having a total extent: of 1402.0 ^r^. ^ !l5[ow^eve3r, its 
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distribution is also of limited significance as frost hazard, rather than 
soil suitability, is frequently the determinant factor. The greater 
acreage of the mature trees are located on the level floor of the valley, 
south of Coyote, where the earliest orchard develox)ment occurred. 
Man}^ of the earlier plantings of apricots in that locality have been 
replaced by orchards of French prunes. The greatest number of 
young apricot orchards, as well as the largest acreage, is situated 
on the upper portions of the alluvial fans and terraces on the eastern 
side of the valley where the air drainage is better and frost damage 
lessened. The apricot is most extensively planted on the Yolo series 
(470.0 acres), with lesser acreages on the Pinole (about 300 acres) 
and Pleasanton series (about 200 acres). 

The Peach . — The peach is a crop of minor importance in the 
Gilroy Region, having an extent of 628.7 acres. A much larger 
acreage of this fruit was planted here formerly, but a large part of 
its acreage has beeii' replanted to prunes and other more profitable 
crops. At present only 20.5 acres of non-bearing peaches occur in 
this region, a fair indication of the amount of interest which the 
growers are giving this crop. 

The lighter-textured, more gravelly soils are said to produce the 
best peach for drying purposes, while the medium-textured alluvial 
soils produce a better canning fruit. More than 50 per cent of the 
peaches (328.9 acres) occur on the Pleasanton gravelly loam, nearly 
20 per cent (113.9 acres) are on the Yolo silt loam, and about 15 
per cent (101.9 acres) on the Pinole silt loam. 

The Walnut . — The walnut is a more extensively planted crop in 
the region than is apparent to the casual observer. In addition to a 
large number of trees planted in borders, or individually, there are 
641.5 acres planted in groves. By far the greater portion of these 
occur interplantcd in orchards, only 99.8 acres being pure groves of 
walnuts. 

Although the walnut has been found to be most profitable on the 
deep, fertile, recent alluvial soils, there are extensive plantings on the 
old transported soils of the valley floor. This has been done not 
through any belief that these soils are best suited to the walnut but 
as an attempt to avoid the disastrous effects of the oak root fungus 
which attacks the prune and similar trees. 

The plantings of walnuts on the Pleasanton gravelly loam (207,1 
acres) is the most extensive, but the distribution of this crop is of 
only minor importance in this study, as in many of the plantings 
the factor of soil suitability has been superseded by other consider- 
ations. 
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Tomatoes . — Tomatoes are one of the important ''cash'' crops 
interplanted in the young orchards. Of the 711.7 acres of tomatoes 
planted on the soils of the region, nearly four hundred acres are pure 
plantings and 253.1 acres are in young orchards of prunes, pears 
and figs. 

The mixed plantings have little significance in these studies, as the 
orchard is generally the more important from the grower's point of 
view. A greater significance lies in the distribution of the pure 
plantings of this crop ; the most extensive occurrences being on 111.0 
acres of the Dublin silty clay loam, 57.0 acres of the Dublin clay 
adobe and 48.1 acres of the Yolo silty clay loam. This correlation is 
in accord with the findings of the growers that the tomato is most 
profitable on the heavy -textured, fertile, recejat alluvial soils. 

Sugar Beets . — There are 629.2 acres of sugar beets in the region, 
all located in the north near Coyote. The importance of these 
plantings lie in the character of the soils on which they occur ; more 
than 90 per cent of the crop being grown on the bodies of the 
calcareous phase of the Dublin clay adobe and silty clay loam. The 
moderate to high content of lime found in these bodies of soil, which 
is not found in the Dublin clay adobe and silty clay loam in other 
portions of the region, makes them better suited to the production of 
the sugar beet. 

MiTwr Miscellaneous Crops . — A number of other crops are being 
grown in the Gilroy Eegion, but due to their minor occurrence their 
distribution is of limited, or no, significance in this study. These 
include the cherry, apple, fig, almond, strawberries, bushberries, 
corn and sorghum, as well as very limited acreages of seedling myrob- 
alan, nursery stock, and eucalyptus groves. 
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CONCLUSIONS 

The foregoing data indicate that definite correlations exist between 
the various types of soil and the crops occurring in the Gilroy Region 
and that the distribution of the major crops has been determined by 
soil variation. These correlations have resulted from trial and 
error ’ ’ methods of planting during a relatively long period of agricul- 
tural development. 

A direct comparison on an acreage basis is unsatisfactory, as 
variation occurs in the crop acreages and in the extent of the different 
soil types. A more significant relationship, one in which due weight 
is given to the less extensive occurrences, is shown by the percentages 
of the total planted area of each soil occupied by the various crops. 

The French prune, the most extensively planted crop in the Gilroy 
Region, occurs on 76 per cent of the planted area of the Yolo silt loam, 
66 per cent of the Pleasanton gravelly loam, and 60 per cent of the 
Pinole silt loam. The significance of these figures is in the relative 
order of their occurrence on these three most important soil types 
and not in the comparative narrow range of percentages. 

In the case of the Sugar prune this order is reversed. The Sugar 
prune occupies only 2 per cent of the planted area of the Yolo silt 
loam and 5 per cent of the Pleasanton gravelly loam as compared 
to 15 per cent of the Pinole silt loam. Measurements of shoot growth 
and trunk diameters, as indices of relative vigor, support the conclu- 
sions of the growers that the Sugar prune is better suited to the Pinole 
silt loam and that the French variety is better suited to the Yolo silt 
loam. 

The grape, the second most extensive crop, has been found to be 
more satisfactory on the old transported soils than on the deep, fertile, 
recent alluvial soils. These data show that the distribution of the 
grape in this region reflects this relationship as the crop occupies only 
9 per cent of the planted area of the Yolo silt loam, although it 
occupies 28 per cent of the planted area of the Pleasanton gravelly 
loam and 29 per cent of the Pinole silt loam. 

The other crops of the region, although of smaller extent, also 
are distributed predominantly on those soil types to which they are 
best suited. The pear occurs mainly on the heavy-textured recent 
alluvial soils, particularly those of the Laguna series. The apricot, 
probably the only crop of the region whose distribution has been 
affected more or less by climatic conditions, is planted most extensively 
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on the soils of the Yolo series. Truck and seed crops are planted 
almost exclusively on the heavy types of the Yolo and Dublin soils, 
the highest in water-holding capacity and among the most fertile of 
the region. The pure plantings of tomatoes likewise occur predomi- 
nantly on these soils. The sugar beet, although of limited extent, is 
practically conhned to the calcareous phases of the heavy-textured 
Dublin soils. The other minor crops of the region show more or less 
correlation with the soil types, but are of doubtful significance due to 
their limited acreages. 

This study is an evaluation of the effect of the soil type as shown 
by the distribution of the varieties of cultivated plants grown upon 
these types. It gives the combined results of a great number of 
environmental features, physical, chemical and biological, embodied 
within the zone occupied by the plant roots, -without attempting to 
segregate any particular feature of soil difference which might influ- 
ence this distribution. It evaluates the sum of all of these influences 
by measuring the crop distribution in a region where cropping has 
been continued for a long enough time so that through repeated 
failures or successes the cultivated crops have migrated to the soils 
which seem to provide most satisfactory conditions for their profitable 
production. In this it is comparable to a study of the natural distri- 
bution of plants in a virgin country. 

As a result of these studies it appears proper to conclude that, 
in a district stick as the Gilroy Region the proportion of each crop 
on ^jtch soil is a measure of the relative suitability of that crop for 
that soil. 

An extension of these studies to other districts would determine 
the degree of suitability existing between standard crops and the 
other extensive soil types. This information would be an important 
guide in the determination of what crops should be recommended 
for the soils in regions where development is still in an early stage. 
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This paper is based on a comparative study of stomatal behavior 
and moisture content of trees of the genus Prunus during the rainless 
summer months in California, where they are grown under conditions 
of both abundant and scanty soil moisture. 

The behavior of stomata in relation to transpiration has been a 
riddle to physiologists. Lloyd, working with Fo%quiera spletidens 
in Arizona, first stated that the regulatory effect of stomata on 
transpiration was almost nil. Later he modified this view and showed 
that transpirational losses followed stomatal opening. Other physi- 
ologists thought that, except for the small water loss due to cuticular 
transpiration, the stomata controlled the transpirational losses. 
Francis Darwin,® Knight, and others studied the action of stomata 
by means of the porometer. This device consisted of a hollow recep- 
tacle fastened to the leaf, through which a stream of air was drawn. 
From the amount of air which could be drawn through a leaf under 
carefully controlled conditions, these workers drew their conclusions 
regarding the transpiration of the plant. The value of this method 
was problematical and Darwin and Pertz^ stated that '‘it is not 
certain that we shall ever be able to deduce the size of stomata 
from readings of the porometer.^’ Later, however, Darwin® showed 
that the parallelism between transpiration and stomatal aper- 
ture held within certain limits with Hedera helix and Prunus 

* Also submitted to the Department of Botany and the Committee on Craduate 
Study of the Leland Stanford Junior University in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. 
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Lmcrocerasus in the moist climate of England. Balls/ working with 
the stomatograph on cotton under tropical conditions in Egypt, found 
that the stomata in response to light opened quickly to a maximum 
about 9 A.M. and thereafter closed rapidly. Laidlaw and Knight^^ 
studied excised stems of various plants by means of the porometer 
and reported a temporary opening of stomata before permanent 
closing when vdlted. Lloyd^® did not find this ' ' preliminary opening. ' ' 
Knight^^ later reported that the stomata seemed to continue to open 
after transpiration fell off. This confirmed some of Lloyd’s^® results. 

With regard to the relation of stomatal opening to water content 
of Gossypium leaves, Lloyd^' reported that the ''opening of stomata 
is accompanied by a net loss of water by the leaf, more being given 
off by transpiration than can be obtained to replace it.'’ The same 
author further reported that the amount of water relative to the dry 
weight of the leaf decreased until noon or some time thereafter and 
then increased until 4 a.m. Livingston and Brown^® reported that 
the moisture content of leaves of various desert plants in Arizona 
fell to a minimum during the period 1 p.m. to 5 p.m. and then rose 
to normal at 7 p.m. They further stated that " non-stomatal retarda- 
tion of water loss appears to be continuously active until well into 
the night, its effects becoming mingled with those of stomatal closure 
at or about sunset. It appears that in the hours just preceding sunrise 
stomatal retardation seems to be alone manifest." Edith Shreve^® 
found with Parkinsonia microphylla that the curve of stomatal 
behavior followed the relative transpiration curve in such a manner 
that the existence of an interrelation was evident. 

Gain^ showed many years ago that transpiration was affected by 
the water content of the soil. With regard to the influence of the soil, 
Edith Shreve^® reported that the "maxima for relative transpiration 
. , . , were found to vary directly with the soil moisture." Dole® 
has recently stated that the "amount of available soil water has an 
important bearing on the rate of transpiration." Gray and Peirce® 
jreported that "the factor regulating both food manufacture and 
stomatal opening is light." Their data tended to show that available 
soil moisture was also an important factor ip stonaatal regulation. 

One of the most important reports on the action of stpmata, is 
that of Loftfleld/^ who worked with a great variety of plants mostly 
Tinder conditions, He reported the maximum of leaf turgor 

about midnight. He also stated that the stomata of certain plants 
opened at night in response to moonlight. According to this author^ 
the opening of stomata in near Jy all plants was correlated with light 
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when conditions of soil moisture were favorable. When these condi- 
tions became unfavorable, the influence of light was decreased and 
in some cases nullified. He divided the herbaceous plants with which 
he worked into three general groups according to the behavior of 
their stomata during the day and night under favorable and unfavor- 
able conditions. 

The cereals, in wliich there was no opening of stomata at night, 
regardless of the amount of day opening, were placed in the first 
group. The amount and duration of day opening was dependent 
upon sunlight, evaporation, temperature, and water content of the 
leaves. In the second group, of which alfalfa was a member, the 
stomata normally were open during the day but closed all night. 
Under unfavorable conditions of soil moisture, however, the stomata 
of this group showed varying degrees of day closing and night opening. 
In the third group, which w^as typical of potatoes and beets, the 
stomata were normally open all day and all night. If conditions of 
soil moisture became critical, the stomata tended to remain closed all 
day and to open at night. Loftfield alsq worked with the apple, pear, 
peach, and swqet cherry. He placed these trees in the same general 
group with alfalfa, showing no middlay closure or night opening 
under favorable conditions. Loftfield found no middjay closure of 
stomata in fruit trees, even when this condition was observed in 
alfalfa. He attributed this lack of day-time closing to two facts: 
first, that there was a balance of water on hand in the trunks and 
branches of the trees, and second, that there was available moisture 
within reach of their extensive root systems. 

Certain aspects of the general problem of behavior of stomata 
were emphasized by some of these workers. Darwin,® Knight, and 
others pointed out the difficulties involved in connecting stomatal 
movement and transpiration as determined by the porometer or 
similar apparatus, Lloyd^® and Loftfield^^ studied the behavior of 
stomata of many -plants by the absolute alcohol method, and showed 
the influence of such factors as light, temperature, and soil moisture 
on stomatal movement* 

Livingston,^®' Lloyd, and others showed certain relations between 
water content and stomatal movement of leaves of certain xerophytie 
plants, while other workers called attention to the relation of soil 
moisture to the stomatal movement. In Studies on the latter part of 
the problem the soil moisture conditions were usually not carefully 
controlled, and the data obtained were^ not conclusive. 
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Statement of the Problem 

The wilting of plants such as may be observed on any hot day is 
usually attributed to the fact that more water is lost by transpiration 
through leaves and other green parts of the plant than is absorbed 
by the roots and conveyed to the different parts. Thus, wilting is 
usually most pronounced during the afternoon, although evidence 
of it may often be seen quite early in the morning. Wilting, then, 
can be said to be due to a reduction of water content of the tissues 
of the plant below the amount necessary to maintain turgor in the cells. 

Mature orchard trees supplied with ample water by means of 
irrigation are distinctly different in appearance from unirrigated 
trees, particularly during the latter part of the growing season. Lack 
of available moisture is apparent to any one familiar with orchard 
trees. Previous investigations have shown that stomata are intimately 
connected with transpiration even though the opening and closing of 
the stomata did not always seem to be directly correlated with the 
increase and decrease of transpiration. Various workers have shown 
that transpiration is regulated to a certain extent by the amount of 
moisture available in the soil. The behavior of stomata on leaves of 
fruit trees growing in soil containing available moisture, therefore, 
should differ from the behavior of stomata on similar trees growing 
in soil containing little or no available moisture. Series of experiments 
were carried out to see if such a difference of behavior did exist. 

The second point investigated was that of the moisture content 
of the various tissues of the tree under the conditions previously 
described. Leaves of trees growing under conditions favorable for 
transpiration and for the opening of stomata, show a fluctuation 
in water content. The cohesion theory of the rise of water which is 
based upon the theory that water in the plant tissues is under tension 
indicates that the fluctuation occurring in the leaves after transpira- 
tion begins should be transmitted back to the trunk and roots fairly 
rapidly. Investigations were carried out at Davis and at Delhi in 
1925 to see if such diurnal fluctuation in the water content of peach 
trees could be found. 
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Methods 

The leaves were stripped, killed, fixed, stained with Congo Red, 
and mounted with balsam according to Lloyd’s^® method. The width 
of the stomatal openings was measured by means of a micrometer 
eye-piece. The stomatal dimensions as given in the tables are the 
average measurement of ten stomata which seemed typical of all the 
stomata in the sample. In most cases samples were taken every hour. 
In some of the later experiments samples were taken every two and, 
in a few cases, every three hours. 

The meteorological data included air temperature, relative humid- 
ity and notes on cloudiness, wind velocity, and presence of dew. In 
a few cases atmometer readings were also taken. Soil moisture was 
determined with a special soil tube. Soil samples were taken each 
time leaf samples were taken. The soil was sampled to a depth of 
six feet ; the first sample from 0 to 3 feet, and the second from 3 to 6 
feet. Each sample weighed about 500 grams. All samples were taken 
in duplicate or triplicate. The moisture equivalent, wilting coefficient, 
and hygroscopic coefficient were determined after the method of 
Briggs and Shantz^ modified by Veihmeyer, Israelsen, and Conrad.^® 
No attempt is made in this paper to discuss the various questions 
which have been raised regarding the significance or determination of 
these factors. In this paper, the amount of moisture below the 
theoretical hygroscopic coefficient was considered as unavailable to 
the tree. The amount of moisture between the hygroscopic coefficient 
and the wilting coefficient was considered as being moisture that was 
secured with difficulty by the tree. In other words, the tree roots 
were able to reduce the percentage of moisture in the soil below the 
wilting coefficient, but could not secure from this moisture enough 
water for the cells to regain turgidity. 

Soils , — The soils at Mountain View and at Davis are similar, 
being classed by the Soil Survey as ‘‘Yolo fine sandy loam” and as 
‘^Yolo clay loam.” The Mountain View soil, however, contained a 
little more gravel than the Davis soil. The soil at Delhi was classed 
as an Oakley and Madera fine sand, undifferentiated,” underlaid 
with a compacted subsoil at a depth of 5 to 6 feet. The moisture 
equivalent for the Mountain View soil was determined to be 22 per 
cent. The wilting coefficient and hygroscopic coefficient were 11.9 
per cent and 8.05 per cent, respectively. The moisture equivalent of 
the Delhi soil varied from 5.8 per cent to 13.8 per cent. The, wilting 
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coefficient varied from 3.2 per cent to 7.5 per cent, and the hygroscopic 
coefficient from 2.1 per cent to 5.0 per cent. At Davis the moisture 
equivalent varied from 12.8 per cent to 29.3 per cent. The wilting 
coefficients varied from 6.8 per cent to 16.0 per cent, and the hygro- 
scopic point from 4.6 per cent to 10.8 per cent. Because of the sandy 
nature of the Delhi soil, the relative amount of available moisture 
was small and lack of moisture was more readily detected by the 
appearance of the trees than was the ease either at Davis or Mountain 
View. 

The water table at Davis was approximately 18 feet below the 
surface during the time the samples were being taken. If the trees 
obtained any moisture from this source, it was apparently not suffi- 
cient in amount to affect the stomatal behavior. The depth of the 
water table at Delhi w^as not determined, but from data from a well 
near by it was safe to assume that standing water was not encountered 
closer than 30 feet beneath the surface. From data secured by 
Veihmeyer* it was found that mature prune trees in a loam soil 
extract all available soil moisture to a depth of six feet fairly rapidly, 
and to a depth of twelve feet before the end of the growing season. 
It seems reasonable to assume that the mature peach trees at Davis 
behaved in the same way. The presence of a compacted layer of soil 
about six feet beneath the surface at Delhi makes it probable that 
moisture below this level did not affect the behavior of the peach trees. 

Meteorological Conditions , — ^Meteorological conditions at Davis and 
at Delhi are similar, and are typical of the interior valleys of Cali- 
fornia. The temperature during the day often reaches 100°F. and 
may go above 100 °F- for several days in succession. The maximum 
temperature is usually between 85°F. and 95°F. The days are usually 
cloudless although occasionally light clouds persist until 8 or 9 a.m. 
and sometimes begin to form during the late afternoon. The relative 
humidity during the hot part of the day often goes as low as 30 
per cent. The climate at Mountain View is typical of the central coast 
region. High fog or clouds often persist until 10 a.m. and the tem- 
perature rarely exceeds 85®F. during the hottest part of the day. 
Ehiring certain stages of the so-called storm movements, the 
temperature may reach 100 °F. and the relative humidity may drop 
to as low as 30 per cent, although during the greater part of the day 
it is from 60 to 75 per cent. During the afternoon there is usually 
a breeze from the San Francisco bay which lowers the temperature 
and increases the relative humidity. The differences in climatic con- 
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ditions between Mountain View and Delhi are sufficient to bring about 
marked diiferences in the fruit industry of the two sections. 

The trees used in the experiment at Mountain View were mature 
Blenheim apricots {Prunus armeniaca), approximately twenty years 
old, and young French prunes {Prunus domestica) four years old. 
At Delhi, Muir peaches {Primus persioa) and French prunes were 
used during their fourth and fifth season in the orchard. At Davis, 
Muir peaches sixteen years old and French prunes of various ages 
were used. 


Moisture Determinations of Tree Tissues 

During a part of the investigation, extensive studies were made 
on the moisture content of various parts of the tree. Before starting 
the investigation of the moisture content of the various tissues of 
the tree, extensive trial determinations were made, using large num- 
bers of samples to determine the degree of reliability of the results 
obtained when using the methods described below. The samples were 
taken at three-hour intervals beginning at 6 a.m. Leaves from 
current growth of the season (shoots) in the upper fully exposed 
portion of the tree were quickly stripped off, and placed in the tin 
cans fitted with tight covers. All the leaves on the terminal foot of 
growth, except the terminal four or five, were used, without stopping 
to make an accurate count of the number. As the shoots used for 
stripping were chosen for uniformity in size and length, the number 
and weight of leaves secured by this method were approximately the 
same for all samples. Next, the terminal six inches of growth was 
removed. Buds and remaining leaves were carefully removed. Then 
the bark was stripped from the xylem, wiped dry with a towel, and 
wood and bark were placed in separate weighing bottles. In the same 
manner samples were taken of the basal six inches of growth. Two 
shoots were used for each sample and the samples were taken in 
duplicate. 

Samples of trunk bark and trunk wood, and of root bark and 
root wood were taken with a carpenter’s brace and auger bit. For 
the bark a 1-inch bit was used and for the wood a %-inch bit. 
The wood was taken to a depth of one-half inch. Uniform depth 
of boring was secured by boring to a file mark on the spiral of the 
auger. The chips were allowed to fall to a cloth spread on the ground 
and were then picked up as quickly as possible and placed in weighing 
bottles. Root samples were taken in the same way, using the part 
of the tree about eight inches below the surface of the^ soil just above 
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the point where the main roots started to leave the main cylinder of 
the tree. This point was chosen for root samples in order to secure 
bark of approximately uniform thickness. Duplicate samples were 
not used in the trunk and root determination in order to avoid 
permanently injuring the trees by boring a large number of holes 
comparatively close together. The trunk samples were taken in a 
spiral beginning at the lower branches and ending four to six inches 
above the surface of the ground. The first samples were taken from 
the northeast side of the tree. The next samples were taken from 
the east or southeast and so on. By moving the point from which 
samples were taken for successive samples in a clockwise direction 
all samples could be secured from exposed portions of the tree without 
interference from holes previously bored in the trunk or roots. All 
samples were dried in a ventilated oven for forty-eight hours at 
95°~100''C. The percentage of moisture was calculated on the dry 
weight of the material. 

Samples were taken from both irrigated and non-irrigated trees 
at Davis and at Delhi during August and September, 1925. Four 
sets of samples were taken at weekly intervals at each place, the first 
at Davis on August 6, the first at Delhi on September 11, 1925. Thus, 
eight different pairs of trees were studied during the season. The 
experiment was carried on during the latter part of the summer 
because of the desirability of having the soil moisture on the non- 
irrigated plots reduced to a minimum so as to afford a marked contrast 
to the trees in the irrigated plots. All trees had formed terminal buds 
when the samples were taken. The trees which were adequately 
supplied with water are hereinafter referred to as trees in moist 
soil”; the others, as ''trees in dry soil,” The moist soil plots were not 
allowed to reach the wilting coefficient during the experiment. The 
dry soil plots were allowed to remain at or below the wilting coefficient 
during the experiment. At other times the treatment given to the 
dry soil plots was consistent wdth good orchard practice. 


Experiments to Determine the Width op Stomatal Opening 

Experiments to determine the behavior of stomata on fruit trees 
were carried on at Mountain View and at Delhi during the summer 
of 1924. The leaf samples were taken in the manner previously 
described. During the early part of the season, there was but little 
difference in the degree of opening between stomata on the trees in 
moist soil and fhose on the trees in dry soil. In many cases the curves 
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showing the amount of opening on the two trees were nearly parallel 
throughout the day. 

On June 3, 1924, stomata on an apricot tree which had been 
irrigated a few days before behaved in an almost identical manner 
as with that of the stomata on a similar tree which had not been 
irrigated. Investigation showed that the soil around the apricot tree 
which had not been irrigated still contained available moisture; and 
under the comparatively mild climatic conditions which existed on 
that day, the stomata were able to open as wide as those on the tree 
which had been watered. The same results were obtained with peaches 
at Delhi on June 18, 1924, when soil samples showed that both the 
irrigated and the non-irrigated trees were still supplied with available 
moisture. 

Still further evidence of this behavior was observed with French 
prunes and Muir peaches under the hotter and drier climatic condi- 
tions at Davis on July 9, 1925. The soil in the irrigated plot upon 
being sampled was found to contain but a small amount of water 
more than the non-irrigated plot on the day when the stomata samples 
were taken. Both soils were above the hygroscopic coefficient. The 
curves for the stomata from the trees in moist soil and the trees in dry 
soil show approximately the same characteristics. The results are 
shown in figures 1 and 2 and the data are given in table 1. 

Numerous other trials both at Mountain View and at Davis with 
prune, apricot, and peach trees gave practically the same results as 
those just described. There was little or no difference in the stomatal 
behavior between the trees in the moist soil plots and those in the 
dry soil plots as long as the moisture content of both plots was above 
the hygroscopic point. In other words, decisive differences in stomatal 
behavior betw^een trees in moist soil and those in dry soil were not 
obtained until after the latter trees had used up the available moisture 
in the root zone. 

As the season advanced, dilferences in percentage of soil moisture 
between the plots kept well supplied with water and those which 
were not irrigated during the period of the experiment increased. 
These differences were reflected in the widths of the stomatal openings 
on the leaves of the respective trees. When the soil moisture in the 
plots with dry soil reached the point where water was not easily 
available to the tree, the stomata failed to open as wide as those on 
trees well supplied with moisture. Furthermore, the stomata on 
the trees in the dry plots often began to close at an earlier hour. 
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TABLE 1. 

Behavior op Stomata on French Prune and on Muir Peagh Trees at 
Davis, California. July 9, 1925. 


Time 

Tempera- 

ture 

"F. 

Kelative 
t humidity 
! per cent 

Size of stomata in microns 
French prune 

Size of stomata in microns 
Muir peach 

Moist soil tree 

Dry soil tree 

Moist soil tree 

Dry soil tree 

Length 

Width 

Length 

Width 

Length 

Width 

Length 

Width 

5 a.m 

54 

99 

15.1 

1 4 

15 1 

1 3 

15.5 

1 6 

15 5 

1,6 

6 a.m,... 

57 

98 

15.5 

1 7 

15 5 

1.6 

15 9 

1 9 

15.5 

2.5 

7 a.m 

61 

89 

14 3 

2.3 

15.9 

1.6 

15.1 1 

3.3 

15.9 

2.9 

8 a.m 

67 

80 

15 9 

2 7 

15 9 

2.6 

16 8 

3 8 

16.6 

3.8 

9 a.m. 

73 

69 

15.9 

2 6 

15.1 

2 7 

15 9 

4 2 

15 5 

3,8 

10 a.m.. 

82 : 

52 

15 1 

2.9 

15 1 

2 5 

16.4 

4.1 

14.7 

3.0 

11 a.m.,.. 

87 

46 

16.1 

3 1 

15 5 

2.7 

15 5 

3 0 

15 5 

2.6 

12 a.m.. .. 

88 

45 

15.1 

3.2 

15 1 

3.2 

15 5 i 

2.4 

15.9 

3.1 

1 p.m.. .. 

89 1 

41 

16.1 

2.6 

15 5 

2 3 

15.5 

2.2 

15,1 

1.9 

2 p.m. . . 

92 

37 

16.4 

2 5 

15 1 

2.3 

16 4 

2.3 

15.4 

1.8 

3 p.m.. .. 

94 

35 

15.1 

1 8 

15 5 

1 6 

16 4 

2 2 

15 1 

1.8 

4 p.m 

94 

35 

15.1 

1.3 

15.1 

1.5 

16 4 

1,8 

15.1 

i 1.8 

5 p.m. ... 

91 

39 

15 9 

1.7 

15.5 

1 3 

15.5 

1.6 

15.9 

2.2 

6 p.m 

83 

49 

15.5 

1.0 

15 9 

.8 

15 5 

1.7 

14 3 

2.0 

7 p.m 

73 

63 

15.5 

1 0 

15.9 

1.0 

15.9 

1.4 

15.5 

1.8 

8:30 p.m.. 

65 

82 

15.1 

1 0 

15.9 

.8 

1 

15.9 

1 3 

14.3 

1.1 


Note: Per cent 

Percentage of moisture in soil around moist soil prune tree, 0-3 feet —16. 1 

Percentage of moisture in soil around moist soil prune tree, 3-6 feet —13. 5 

Percentage of moisture in soil around dry soil prune tree, 0-3 feet —14.8 

Percentage of moisture in soil around dry soil prune tree, 3-6 feet —14.3 

Percentage of moisture in soil around moist soil peach tree, 0-3 feet —18.6 

Percentage of moisture in soil around moist soil peach tree, 3-6 feet —18. 5 

Percentage of moisture in soil around dry soil peach tree, 0-3 feet —12.8 

Percentage of moisture in soil around dry soil peach tree, 3-6 feet —13.4 

Calculated moisture equivalent, prune plot, 0-3 feet —21 2 

Calculated moisture equivalent, prune plot, 3-6 feet —16.9 

Calculated wilting coefficient, prune plot, 0-3 feet —11.5 

Calculated wilting coefficient, prune plot, 3-6 feet — 9.2 

Calculated hygroscopic coefficient, prune plot, 0-3 feet — 7.8 

Calculated hygroscopic coefficient, prune plot, 3-6 feet — 6 3 

Calculated moisture equivalent, peach plots, 0-3 feet —18.6 

Caleuiared moisture equivalent, peach plots, 3-6 feet — 16. 4 

Calculated wilting coefficient, peach plots, 0-3 feet —10.1 

Calculated wilting coefficient, peach plots, 3-6 feet — 8.9 

Calculated hygroscopic coefficient, peach plots, 0-3 feet — 6.8 

Calculated hygroscopic coefficient, peach plots, 3-6 feet — 6. 0 
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Eesults similar to those described iu the preceding^ paragraph were 
obtained on many different dates during 1924, both at Delhi and at 
Mountain View. The curves given show the typical stomatal behavior 
for French prunes, August 5, 1924, at Mountain View (fig. 3) ; for 
Blenheim apricots, August 21, 1924, at Mountain View (fig. 4) ; 
and for Muir peaches October 1, 1924, at Delhi (fig. 5). A '‘high 
fog’^ at Mountain View on the morning of August 5 which persisted 
until about 9 a.m. may help to account for the fact that the stomata 
on the trees in the dry soil plots opened nearly as wide as those on the 
watered trees. However, as soon as the sun dispelled the fog, the 
relative humidity of the air was reduced, transpiration of the leaves 
probably increased, and the stomata began to close rapidly. The 
data for the stomatal measurements on French prunes at Mountain 
View, August 5, 1924, are given in table 2 ; for Blenheim apricots at 


TABLE 2. 

Behavior of Stomata on Erench Prune Trees at Mountain View, 
California. August 5, 1924. 


Time 

Tempera- 

ture 

"F. 

Relative 
humidity 
per cent 

Size of stomata in microns 

Moist soil tree 

Dry soil tree 

Length 

Width 

Length 

Width 

6 a,m 

54 

99 

13.9 

1 6 

12.6 

1.2 

7 a.m 

54 

99 

15.1 

1 5 

13.0 

1.4 

8 a.m 

58 

99 

14.6 

1,9 

15,5 

1.5 

9 a.m 

61 

91 

15 9 

2.2 




10 a.m 

68 

81 

14.6 

2.4 

15.5 

2.1 

11 a.m 

70 

77 

14.6 

1.9 

14.6 

2.4 

12 a.m 

73 

75 

17.2 

3.0 

14.1 

2.2 

1 p.m . 

73 

73 

15.9 

2.1 



■2 p.m 

75 

70 

15,5 

2.3 



3 p.m..... 

73 

72 

16 4 

j 2 2 

12.6 

1 0 

4 p.m 

71 

75 

16.4 

2.1 

14.3 

1.1 

5 p.m 

69 

75 

15.5 

1 6 . 

13.4 

0.7 

6 p.m 

65 

84 

14.6 

1.9 

14.3 

0.7 

7 p.m 

61 

91 

15.1 

2.6 

15.4 

0.5 

8:30 p.m 

58 

98 

15 9 

1.4 

15 9 

0.0 


Note: 

Percentage of moisture in soil, moist soil tree, 0~3 feet 

Percentage of moisture in soil, moist soil tree, 3-6 feet 

Percentage of moisture in soil, dry soil tree, 0-3 feet 

Ty>/*»Tja+,iirA Pimiivfl.1 Anf. ..... 


Per cent 

-19 2 

. .. -14.1 

-10.1 

-22,0 

cf TT'iU.i'nnp ATlt. 


-11.9 

Calculated hygroscopic ooejBScient 


-8.05 
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Mountain View, August 21, 1924, in table 3; and for Muir peaches 
at Delhi in table 4.* Stomatal measurements from an irrigated 
French prune at Delhi on the same day are given for purposes of 
comparison with the stomatal measurements of the peach. The simi- 
larity of curves for the peach and the prune when both trees were 
amply supplied with water is tj-pical of what was found throughout 
the season. Evidently there is no great difference in the behavior of 
stomata of these two species. 


TABLE 3. 

Behavior op Stomata oh Blehheim Apkicots at Mountain View, 
Cauipornia. August 21, 1924. 


Time 

Tempera- 

ture 

°F. 

Relative 
humidity 
per cent 

Size of stomata m microns 

Moist soil tree 

Dry soil tree 

Length 

Width 

Length 

Width 

9 am. 

62 

85 

16 4 

2 0 

17.2 

3 0 

10 a.m. 

65 

82 

IS 1 

2 8 

17 0 

3 0 

11 a.m. . . 

69 

78 

18 5 

3 6 

17.2 

3.2 

12 a.m. 

70 

77 

17 3 

3 6 

17 6 

2.5 

1 p.m 

72 

77 

18 9 

4 2 

17.0 

25 

2 p.m 

71 

78 

19 7 

4.4 

17.0 

2 3 

3 p.m 

71 

78 

17 2 

3.6 

18 4 

2 0 

4 p.m 

70 

81 

17 2 

2 5 

18 5 

1 1 9 

5 p.m 

68 

85 

17.2 

2.5 

17.0 

1 9 

6 p.m 

64 

92 

17.6 

2.9 

t 18.1 

2 0 

7 p.m 

61 

95 

17 6 

1.9 

17 6 

2.4 

9 p.m 

57 

99 

18 4 

1.2 

18 1 

1.6 


Note: Per cent 

Percentage of moisture in soil, moist soil tree, 0-3 feet —17.6 

Percentage of moisture in soil, dry soil tree, 0-3 feet —10.3 

Calculated moisture equivalent — 22. 0 

Calculated wilting coefficient ... ....—11.9 

Calculated hygroscopic coefficient —8 05 


Twenty-four Hour Observations on Prune and Apricot Trees . — On 
July 22, 1924, stomata were measured on prune and apricot trees at 
Mountain View at hourly intervals throughout a twenty-four hour 
period beginning at 6 a.m. and ending at 5 a.m. the following morning. 
No extreme climatic conditions were encountered during the time the 

* The second three feet of soil in the irrigated plot, because of the esistenee 
of a compacted layer about five feet beneath the surface, shows higher moisture 
equivalents and calculated wilting coefficients and hygroscopic points than the top 
three feetf 
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samples were being taken. The temperature ranged from a minimum 
of 55 ° F. at 6 a.m, to a maximum of 73° P. at 1 p.m. The relative 
humidity ranged from 98 per cent during the night down to 68 
per cent at 1 p.m. In the morning a ‘'high fog” persisted until about 
10 A.M. This condition caused a comparatively wide degree of 
stomatal opening on the leaves of the trees in both plots. The stomata 
on the apricots in the moist soil plots reached a maximum width of 
3.5 microns at 9 a.m. and the stomata on the trees in the dry soil plots 

TABLE 4. 

Behavior op S-tomata on Muir Peaches and Prench Prunes at Delhi, 
Calipornia. October 1, 1924. 


Time 

Tempera- 

ture 

“F 

Relative 
humidity 
per cent 

Size of stomata in microns 

Moist soil peach tree 

Dry soil peach tree 

Moist soil prune tree 

Length 

Width 

Length 

Width 

Length 

Width 

7 a.m 

55 

94 

14.3 

1 7 

1 15 1 

2 1 

14.2 

3 6 

8 a.m 

65 

91 

15 1 

2.5 

15.3 

2 1 

13.0 

3.8 

9 a.m 

71 

78 

14.2 

2.5 

15 3 

2.3 

12 1 

3.8 

10 a.m..,. 

74 

70 

14 2 

3 6 

15 1 

1.9 

15.1 

4.2 

11 a.m. .. 

76 

67 

14.2 

3.3 

15.3 

2.0 

14.2 

4 5 

12 a.m... 

79 

60 

14.3 

3.4 

16 1 

1.9 

14.2 

1 

1 p.m 

82 

57 

14.3 

3.3 

16.3 

1.9 



2 p.m 

82 

55 

15,9 

2.9 

16.3 

1.7 

' 15 5 

3 2 

3 p.m 

82 

51 

14,3 

2 9 

15 1 

1.5 

1 17.2 

1.7 

4 p.m 

84 

45 

15.5 

2.3 

15 4 

1 5 

15.5 

2 2 

5 p.m 

81 

48 

15 9 

1 9 

15 9 

1 4 

15.5 

2.0 

6 p.m 

76 

56 

16.4 

1 6 

14.7 

1.2 

15.1 

1 8 

7 p.m 

73 

61 

16.8 

0.9 

16 8 

1.1 

15.5 

1 6 


Note: Per cent 

Percentage of soil moisture, moist soil tree, 0-3 feet — 6.9 

Percentage of soil moisture, moist soil tree, 3-6 feet —12.9 

Percentage of soil moisture, dry soil tree, 0-3 feet — 1 2 

Percentage of soil moisture, dry soil tree, 3-6 feet — 2.0 

Calculated moisture equivalent, moist soil tree, 0-3 feet — 6 9 

Calculated moisture equivalent, moist soil tree, 3-6 feet — 13 3 

Calculated moisture equivalent, dry soil tree.. — 6,5 

Calculated wilting coejfficient, moist soil tree, 0-3 feet — 3 8 

Calculated wilting coejSicient, moist soil tree, 3-6 feet — 7.2 

Calculated wilting coefficient, dry soil tree — 3.5 

Calculated hygroscopic point, moist soil tree, 0-3 feet — 2.5 

Calculated hygroscopic point, moist soil tree, 3-6 feet — 4.9 

Calculated hygroscopic point, dry soil tree — 2.4 
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reached a maximum width of 3.2 microns at the same hour. There- 
after, throughout the day the stomata on the moist plot trees showed 
a markedly wider degree of opening than the trees in the dry soil 
plots. The greatest closure in both cases occurred at 11 p.m., after 
which hour the stomata on both trees began to open. 

The stomata of the prune trees in the moist soil plots attained 
a maximum width of 3.2 microns at 10 a.m. and then slowly began to 
close. On the trees in the dry soil plot, the maximum opening which 
was not reached until 2 p.m., was only 2.2 microns. The greatest 
average closure of stomata on trees in both plots was reached at 9 p.m., 
after which the stomata began to open slowly as in the case of the 
apricot trees. With both the apricots and the prunes, there seemed 
to be a tendency for the stomata to open slightly at 5 p.m. or 6 p.m. 
before finally closing to the minimum a few hours later. The data 
were so similar to those of a second twenty-four hour period on 
September 11 that only the latter are given in this paper. , 

On September 11, 1924, the stomata on Blenheim apricot and 
French prune trees were again studied throughout a twenty-four 
hour period. The stomata of the trees in dry soil did not open so 
wide as those on the tree in moist soil and began to close earlier in 
the day. This difference, which was particularly marked in the case 
of the French prune, may have been due to the rather severe climatic 
conditions which prevailed. A maximum temperature of 91° F. was 
reached at 1 p.m., while the relative humidity was 21 per cent at 
the same hour. The stomata showed the greatest closure between 
8 P.M. and 10 p.m. Although there was bright moonlight until 
4 :30 A.M., this condition did not seem to have any effect on the opening 
of the stomata, which opened in much the same way as on July 22. 
The results are shown graphically on figures 6 and 7. The data for 
all four trees are given in table 5. 

Behavior of Stomata on Different Parts of the Tree . — An experi- 
ment was carried out on September 15, 1925, at Davis to determine 
whether any difference existed in the behavior of stomata on different 
parts of the trees on moist soil and on dry soil. Five-year-old Robe 
de Sergeant prunes {Pnnus domestica) which had made an average 
new growth of four feet were used. Samples were taken from the 
terminal leaf, from the tenth leaf below the terminal, from the twen- 
tieth leaf below the terminal, and from leaves produced on fruit-spurs 
low down on the main branches of the tree. The results are shown 
graphically in figure 8. The stomata from the tree in dry soil did 
not show much variation in their behavior. They all opened to approx- 
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TABLE 5. 

Behavior of Stomata ok Blenheim Apricot and French Prune Trees at 
Mountain View, California. September 11, 1924. 


Size of stomata m microns 


Time 

Tempera- 

ture 

“F 

Relative 
humidity 
per cent 

Moist soil 
apricot tree 

1 Dry soil 

1 apricot tree 

Moist soil 
i prune tree 

Dry soil 
prune tree 

Length 

Width 

Length 

Width 

Length 

Width 

Length 

Width 

6 a.m.. . . 

46 

100 

13.9 

3 0 

14.3 

2 4 

14.3 

1 6 

13 9 

0.7 

7 a.m. ... 

47 

94 

16 8 

1 3 2 

15 9 

2.2 

15.5 

1 5 

13 9 

1 1 

8 a.m. . 

62 

77 

16.4 

3 5 

16 4 

2 7 

15 1 

! 2 1 

15.5 

1.5 

9 a.m 

72 

63 i 

17.2 

3.8 

16 8 

3.1 

15 5 

2 5 

16.4 

1.7 

10 a.m. 

81 ! 

47 

15.1 

3.9 

19.0 

3.6 

15 1 

4 3 

15 1 

1.7 

11 a.m. 

87 

34 

15.9 

4.0 

17.2 

3 0 

15 5 

4.4 

14.6 

1.3 

12 a.m. . 

93 

22 

15.5 

3.9 

16.4 

3.4 

13.9 

3 8 

14.6 

1.1 

1 p.m. .. 

95 

21 

16.8 

3.4 

14 6 

2 9 

16.4 

2.6 

13 9 

0.8 

2 p.m. . 

94 

21 

16.4 

2 8 

16.4 

2.9 

13.9 

3.0 

13.9 

1.0 

3 p.m... 

93 

21 

17 6 

2.5 

19.0 

2 5 

15.1 

2.6 

13.9 

1.5 

4 p.m... . 

91 

28 

15 5 

2 7 

16.4 

2.2 

14 3 

2.0 

15.1 

1 6 

5 p.m 

89 

27 

15 1 

2.8 

16 8 

2 0 

14 3 

2 1 

14 6 

1.0 

6 p.m.. . . 

74 

75 

18.5 

2.4 

15.5 

1.9 

15.5 

1.8 

13 0 

! 

7 p.m 

69 

84 

18.1 

1 8 

15 9 

2.0 

15.1 

1.7 

14.6 

1.0 

8 p.m 

65 

85 

18.1 

2.6 

17.2 

2.2 

14.3 

1 6 

14.6 

0.2 

9 p.m. .. . 

61 

89 

16.8 

0.5 

16 8 

1.6 

15 5 

0.7 

16.4 

! 0 2 

10 p.m.,. 

58 

92 

15.9 

0.7 

16 4 

1.0 

15.5 

0.9 

14.6 

0 4 

11 p.m 

56 

92 

16.4 

1.0 

15,5 

1.7 

14.3 

1.0 

15.1 

0.4 

12 p.m.... 

54 

92 

16 4 

1.4 

16.4 

1.8 

15.5 

0.6 



1 a.m 

51 

94 

18.5 

2.1 

18.5 

2 2 

15.1 

1.4 

15 5 

0.4 

2 a.m 

50 

95 

16.8 

2.1 

16.8 

2 3 

15.5 

1.5 

14.6 

0.7 

3 a.m 

50 

95 

18.1 

2.5 

16.4 

2.1 

14.6 

1.3 

14.6 

0.8 

4 a.m 

48 

96 

17.6 

2.3 

15.5 

2 1 

15.1 

1.5 ’ 

15.1 

0.6 

5 a.m 

49 

99 

16.8 

2.5 

16.1 : 

2.1 

14.6 

1.7 

15.6 

0.6 


Note; Per cent 

Percentage of moisture in soil, moist soil apricot tree, 0-3 feet —15.0 

Percentage of moisture in soil, dry soil apricot tree, 0-3 feet — 9.9 

Percentage of moisture in soil, moist soil prune tree, 0-3 feet —14.9 

Percentage of moisture in soil, moist soil prune tree, 3-6 feet —10,$ 

Percentage of moisture in soil, dry soil prune tree, 0-3 feet — 9.9 

Calculated moisture equivalent —22.0 

Calculated wilting coefficient —11.9 

Calculated hygroscopic coefficient —8.05 
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imately the same width (about 1 micron). The leaves from the branch 
on the tree in moist soil showed marked differences in amount of 
stomatal opening. The first and tenth leaves showed a stomatal open- 
ing of slightly more than 2 microns before they started to close. The 
stomata on the twentieth leaf opened to 3 microns and those on the 
spur leaf to 3.8 microns, before closing. 

It is interesting to note how closely these results agree with those 
obtained by the author^ in 1920, which showed that the terminal leaves 
on current season ^s shoots transpired less rapidly than the spur leaves 
further down on the main branches of the tree. The data are given 
in table 6, 

Effect of Shade on Stconatal Behavior , — The effect of continuous 
shade on stomata was shown by an experiment carried on at Davis, 
July 28, 1925. Three Elberta peach trees were used. One tree in 
moist soil and one tree in dry soil under open orchard conditions, 
and in addition one tree growing in well moistened soil under the 
shade of a muslin tent, which was erected soon after growth started 
in the spring, were used. The shaded tree was covered with a tent 
stretched on a framework of sufiScient size to allow normal growth 
of the tree. The cloth extended down on the sides of the tent to 
within three feet of the ground leaving an open space on all sides, 
which allowed free circulation of air. Before being enclosed in the 
tent, the shaded tree had been given the usual orchard treatment. 
The air temperature in the tent and in the shade of the tree in the 
open were practically the same throughout the day. The evaporation 
rate, which was determined with porous cup atmometers, within the 
tent was approximately two-thirds of that in the direct sunlight during 
the period from 8 a.m. July 28 to 8 a.m. July 29. 

Leaves on the shaded tree were much larger but thinner than 
leaves on the trees growing in the open. The stomata of the leaves 
on the shaded tree as shown in figure 9 opened much later than did 
those on the trees outside of the tent. They opened wider than the 
stomata on the tree in dry soil outside of the tent, but not so wide 
as those on the unshaded tree in moist soil. After 1 p.m, the width 
of the stomatal opening on the leaves of the shaded tree and of the 
irrigated tree remained about the same. The stomata on the dry 
tree began to close earlier than either the irrigated or the shaded tree. 
Essentially similar results were obtained a week earlier when the 
percentage of soil moisture around both the irrigated and the shaded 
tree was much lower than in the case for which the curves are given 
(fig. 9). The data are given in table 7. 
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TABLE 6. 

Behavior of Stomata oh Bobe de Seroeaht Prune Trees at Davis, California. 

September 15, 1925. 


Time 

Tempera- 

ture 

“F. 

Relative 
humidity 
per cent 

Size of stomata in microns 

Terminal leaf 

1 

Tenth leaf 

Moist soil tree 

Dry soil tree 

Moist soil tree 

Dry soil tree 

Length 

Width 

Length 

Width 

Length 

Width 

Length 

Width 

6 a.m. . . 

52 

97 1 

15.5 

0.4 

15 5 

0 6 

1 15 9 

0 8 

15.5 

0.5 

8 a.m... 

64 

91 ! 

15.1 

2.4 

15.5 

1.3 

15.5 

1.5 

15 9 

0.8 

10 a.m.... 

74 

65 1 

15.1 

2.1 

15 9 

0 8 

! 15.9 

2.1 

16 4 

1.1 

12 a.m.. .. 

81 

52 1 

15.1 

1.6 

15.5 

0.9 

15 5 

1.9 

15.9 

1 1 

2 p.m. .. . 

84 

46 

15.5 

1 4 

’]5.5 

1.0 

15.9 

1 5 : 

15.9 

0.8 

4 p.m 

82 

47 j 

15.9 

1 0 

15 9 i 

0.8 

15 9 

1 3 

15.9 

1.0 

6 p.m. . .. 

78 

55 

15.5 

0.5 

15 9 

0.4 

15.5 

0.4 

16.4 

0.9 




Twentieth leaf 

Spur leaf 

6 a.m 

52 

97 

15 5 

1.3 

15.9 i 

0.8 

15 5 

0.7 i 

15 5 

0,4 

8 a.m 

64 

91 

15.9 

3 0 

15 5 

1.1 

16 8 

3.2 

15.9 

0.5 

10 a.m. ... 

74 

65 

15.5 

2.2 

15.5 

1.0 

15.9 

3.8 

15.9 

0.8 

12 a.m.... 

81 

52 

15.9 

1.4 

15.9 

0.7 

15.1 

3.4 

15.9 1 

1.0 

2 p.m 

84 

46 

15.5 

1.5 

15.9 

0.8 

15 5 

1.9 

15.9 

0.6 

4 p.m 

82 

47 

15.5 

2.1 

15.5 

0.6 

15 5 

2.3 

15 5 

0.4 

6 p.m 

78 

55 

15.1 

1.4 

15.9 

0.8 

15.1 

1.6 

16,4 

0.5 


Note: Per cent 

Percentage of soil moisture, moist soil tree, 0-3 feet -“15.5 

Percentage of soil moisture, moist soil tree, 3-6 feet —17.6 

Percentage of soil moisture, dry soil tree, 0-3 feet — 8. 1 

Percentage of soil moisture, dry soil tree, 3-6 feet — 8.9 

Calculated moisture equivalent, 0-3 feet —20.0 

Calculated moisture equivalent, 3-6 feet —25.2 

Calculated wilting coefficient, 0-3 feet —10 8 

Calculated wilting coefficient, 3-6 feet —13. 7 

Calculated hygroscopic coefficient, 0-3 feet — 7.3 

Calculated hygroscopic coefficient, 3-6 feet — 9.3 
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TABLE 7. 

Behavior op Stomata on Elherta Peach Trees at Davis, California. 

July 28, 1925. 


Time 

Tempera- 

ture 

“F. 

Relative 
humidity 
per cent 

Size of stomata in microns 

Moist soil tree 

Dry soil tree 

Shaded tree 

Length 

Width 

Liength 

Width 

Length 

Width 

5 a.m 

51 

99 

15 5 

1.8 

15 5 

1.7 

15 9 

0.9 

6 a.m 

52 

99 

16.9 

1 9 

15.9 

1.8 

15.5 

1 0 

7am 

58 

99 

15 9 

2.0 

14.6 

2.0 

14 6 

1.2 

8 a.m. . . 

63 

92 

15 9 

2.0 

15 5 

1.9 

15 1 

1 6 

9 a.m 

67 

85 

15.1 

1.8 

15.5 

1 6 

15 9 

1 5 

10 a.m. 

76 

69 

15 5 

2.2 

15 5 

1.6 

15.5 

1.8 

11 a.m. .. 

83 

58 

16.4 

2 5 

15 9 

1 6 

14 6 

2 1 

12 a.m.. .. 

87 

46 

15 9 

* 2.0 

16.1 

1.3 

15.5 

1.9 

1 p.m 

90 

40 

15 5 

1.9 

15 1 

1.1 

15 1 

2 0 

2 p.m 

94 

36 

15 5 

1.7 

15.1 

1 0 

15 9 

1.7 

3 p.m 

95 

34 

15 5 

1.4 

15 5 

0.8 

15 9 

1.5 

4 p.m 

96 

35 

15.9 

1.3 

15 5 

0 8 

15 9 

1.4 

5 p.m 

94 

36 

16.1 1 

1 3 

15.9 1 

0 9 

15.1 

1.2 

6 p.m. 

93 

40 

15.1 

1 1 

16 4 

0 7 

14 6 

0 9 

7 p.m 

85 

44 

15 5 1 

1.0 

15 5 

0.7 

15 5 

0.7 

8 p.m 

75 

52 

15.5 

0.9 



16.1 

0.4 


Note: Per cent 

Percentage of soil moisture, moist soil tree, 0-3 feet 25.6 

Percentage of soil moisture, moist soil tree, 3-6 feet 27. 4 

Percentage of soil moisture, dry soil tree, 0-3 feet 9 7 

Percentage of soil moisture, dry soil tree, 3-6 feet 15. 7 

Percentage of soil moisture, shaded tree, 0-3 feet 24 5 

Percentage of soil moisture, shaded tree, 3-6 feet 31. 0 

Calculated moisture equivalent, moist soil and shaded tree, 0-3 feet 22. 4 

Calculated moisture equivalent, moist soil and shaded tree, 3-6 feet 29. 4 

Calculated moisture equivalent, dry soil tree, 0-3 feet 29 5 

Calculated moisture equivalent, dry soil tree, 3-6 feet 25. 2 

Calculated wilting coefficient, moist and shaded tree, 0-3 feet 12.2 

Calculated wilting coefficient, moist and shaded tree, 3-6 feet 15.9 

Calculated wilting coefficient, dry soil tree, 0-3 feet 16.0 

Calculated wilting coefficient, dry soil tree, 3-6 feet 13. 7 

Calculated hygroscopic coefficient, moist and shaded tree, 0-3 feet... 8.3 

Calculated hygroscopic coefficient, moist and shaded tree, 3-6 feet 10. 8 

Calculated hygroscopic coefficient, dry soil tree, 0-3 feet 10. 6 

Calculated hygroscopic coefficient, dry soil tree, 3-6 feet * 9.3 
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Experiments on the Determination op Moisture Content op 
Various Parts op the Tree in Relation to 
Stomatal Movement 

The data showing the moisture content of the leaves, twigs, trunk, 
and roots of the trees studied are shown in figures 10 to 18. Because 
of the difficulties of showing the data concerning the stomatal move- 
ment, temperature, and relative humidity on the same charts with the 

TABLE 8. 

Moisture Content in Percentage of Dry Weight op Leaves, Twigs, Trunk, 
AND Roots op Trees in Moist and in Dry Soil at Davis. 
September 4, 1925. 


Time 

Leaves 

Terminal 
twig bark 

Terminal 
twig wood 

Basal 
twig bark 

Moist 

soil 

Dry 

soil 

Moist 

soil 

Dry 

soil 

Moist 

soil 

Dry 

soil 

Moist 

soil 

Dry 

soil 

6 a.m. . 

164.8 

151.3 

162 8 

147 8 

118 9 

103.4 

142.0 

129.3 

9 a m 

149 5 

141.5 

153 3 

125.3 

107.6 

80.9 

138 5 

116 1 

12 m 

146.1 

132 6 

146 4 

123.0 

107.3 

84.5 

129 4 

110.9 

3 p.m 

142 4 

135 3 

139.4 

121.1 

90.6 

$5.5 

135.3 

105.8 

6 p.m 

143.0 

133.9 

149.0 

131.3 

101.2 

92.7 

135.7 

110.0 


Time 

Basal twig wood 

i . 

Trunk bark 

Trunk wood 

Root bark 

Root wood 

1 

Moist 
soil ' 

Dry 

soil 

Moist 

soil 

Dry 

soil 

Moist 

soil 

Dry 

soil 

Moist 
soil ! 

Dry 

soil 

Moist 

soil 

Dry 

soil 

6 a.m ^ 

72.0 1 

63.2 

85.2 

67.4 

65.3 

54 0 

126.9 

100.0 

74.1 . 

63.1 

9 a.m 

61 2 

58 3 

69 9 

68.0 

52.2 

49.2 

116.2 

84.1 

63 7 

53.4 

12 m 

56.7 

57 6 

72.7 

64.5 

53.8 

48.1 

111.5 

90 3 

71.7 

54.1 

3 p.m 

57.0 

56.4 

69.4 

65.6 

50.9 

48.7 

106.0 

86 9 

62.6 

68.7 

6 p.m 

65.9 

60.3 

86.1 

66.9 

56.2 

50 2 

113.8 

96.5 

65.1 

65.5 


percentage of moisture in the various tissues, these data are shown 
in figure 19. Data for the determination made on September 4, 1925, 
at Davis, which are typical of all the results obtained, are given in 
table 8. The data for the other seven weeks of the experiment are on 
file in the office of the Pomology Division of the University of Cali- 
fornia. A summary of the soil moisture conditions at Davis and at 
Delhi is given in table 9. 

Percentages of moisture calculated on the dry weight of the 
material are plotted against time. The curves in the upper part of 
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the chart are for the results obtained at Davis ; in the lower, at Delhi. 
In each case the results from the tree on moist soil are shown on the 
left and the tree in dry soil on the right. The dates show the time 
of taking the samples. 

Various irregularities in the curves occurred. Some of these were 
due to errors of sampling, inevitable with the type of material used. A 
few of the irregularities were due to other causes. Thus, some samples 
of leaves late in the season showed an abnormally high percentage of 
moisture at 6 a.m. This particular fact can undoubtedly be attributed 
to the dew which could not be removed from the leaves satisfactorily. 
On September 11 at Delhi, cloudy weather persisted until about 8 :30 
A.M. As a result, the leaves and terminal twigs of both trees in moist 
soil and trees in dry soil did not show a decrease in moisture content 
until after 9 a.m. On August 25 at Davis it was necessary to use some 
rather small roots for the determination of moisture in the root bark. 
As a consequence the curve for the root bark of the tree in moist soil 
rose until 12 o ’clock instead of falling as was usually the case. 

The similarity of the curves, particularly for the leaves and twigs, 
was apparent. There was a decrease in moisture content for the 
various tissues from 6 a.m. to 9 a.m. or from 6 a.m. to 12 noon, and 
there was an increase in moisture content from 3 p.m. to 6 f.m. The 
significance of these differences was tested by Student ’s Method^® and, 
if it is assumed that this method is applicable to this case, the differ- 
ences are significant. In a few cases where the significance of the 
differences between 6 a.m. and 9 a.m. was indicated by rather short 
odds, when the differences for the same tissues were calculated from 
6 A.M. to 12 noon much greater odds were obtained. 

Discussion op Results Obtained in the Determination op 
Moisture Content op Various Tree Tissues 

The curves showing the behavior of the stomata on the trees in 
moist soil and in dry soil during the season of 1925, as shown in 
figure 19, are essentially similar to, and show the same characteristics 
which were shown in, the detailed studies on stomatal movement in 
1924. Generally speaking, the stomata showed a rather uniform 
behavior. They began to close as a rule between 9 a.m. and 12 noon. 
The stomata on the trees in dry soil consistently showed less opening 
than did those on the trees in moist soil. These curves are given in a 
separate figure because they could not be satisfactorily grouped on 
the charts showing the moisture content of the various tree tissues 
studied. 
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A complete summary of the soil moisture conditions for the top 
three feet and the second three feet of soil are given in table 9. The 
moisture equivalents, wilting coefficients, and hygroscopic coefficients 
expressed as percentage on a dry weight basis are given for purposes 
of comparison. The trees used in the experiment were growing in 
similar types of soil, but were handled in such a way as to give extreme 
conditions of soil moisture. 

As may be seen from the table, the trees in moist soil were abun- 
dantly supplied with moisture, while those in dry soil usually had 
httle or no available moisture to draw upon. The decisive results 
obtained may have been due to the fact that there was such a marked 
difference in soil moisture content between the plots in the experiment. 

One of the most striking features of the moisture curves, as shown 
in the accompanying figures, was their similarity. In general, there 
was a decrease in moisture content of all parts studied between 6 a.m. 
and 9 a.m., and an increase in moisture content between 3 p.m. and 
6 P.M. These results were similar to those obtained by Livingston and 
Brown, who found that the minimum water content of certain desert 
plants occurred between 1 p.m. and 5 p.m. and then rose to a maximum 
at 7 P.M. One exception to this rule occurred on September 11 at 
Delhi, when the leaves, bark, and wood of the terminal ends of twigs 
failed to show a decrease until after 9 o’clock. This exception can 
probably be explained by the fact that the weather remained cloudy 
until after 8:30 a.m. The fall and rise of the water content of all 
the measured portions seemed to be associated with, or at least 
occurred at practically the same time as the opening and closing of 
the stomata. 

The succulent portions of the tree, i.e., the leaves, and the terminal 
and basal portions of the twigs, showed a marked progressive decrease 
in water content during the early part of the season, which meant 
that these portions were increasing in dry matter. This decrease in 
water content of the leaves and twigs was slight after the middle of 
September. Trees in moist soil both at Davis and at Delhi showed 
a relatively greater decrease in water content from week to week than 
did the trees in dry soil. The trunks and roots did not show such a 
marked decrease in water content from week to week as the season 
advanced, although the decrease was fairly noticeable during the first 
few weeks of the experiment. 

The leaves and terminal twigs of the trees in moist soil showed a 
consistently higher water content than these parts from the trees in 
dry soil. The same condition seemed to hold true for certain series 
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of samples from the older tissues of the trees. At Delhi the wood 
and bark of trunks and root of trees growing in moist soil contained 
more water than the wood and bark of trees growing in dry soil. This 
difference seemed remarkable when the method of sampling was con- 
sidered. With the older portions of the tree, a considerable part of 
each sample consisted of old and probably inactive tissue. This old 
tissue increased the relative amount of dry matter and may have 
tended to mask the results. It is also interesting to note that with 
the wood of the basal part of the twig, there was no great difference 
between the trees grown in moist soil and those grown in dry soil. 

The comparatively high moisture content of the root bark on the 
trees in moist soil can probably be accounted for by the fact that 
these trees were irrigated two or three days before the sample was 
taken. The outer layers of bark may have absorbed and held sufficient 
water to account for this difference. Also, there was practically no 
loss by evaporation from the surface of the bark. The difference in 
water content between the trunk bark and the root bark may also be 
explained in the same way. 

In general, the trunk and root samples, particularly in the ease 
of the bark, showed greater irregularity than did the samples of leaves 
and twigs. This irregularity may have been due to the fact that old 
outer bark does not slough off evenly. There was no satisfactory 
method of judging the thickness of bark at the point chosen for taking 
samples. Furthermore, the wood samples sometimes showed evidence 
of brown tissue, the presence of which could not be foretold before 
making the boring. These factors which could not be guarded against 
probably contributed to the irregularity in the results obtained. 

The bark of the terminal and basal portions of the twigs contained 
a larger percentage of moisture than the wood of these parts, except 
for the succulent terminals early in the season. This fact might 
suggest the relatively more rapid increase of dry matter in the xylem 
than in the phloem. Essentially the same condition was observed in 
the bark and wood of the older portions of the tree, but the lower 
moisture content of the wood in this case may have been due to depth 
of boring, as mentioned in a preceding paragraph. 

Succulent portions of •the trees during the latter part of the season 
seemed to resist loss of water beyond a certain point. Thus, the leaves 
on the trees in moist soil at Delhi, during the last three weeks of the 
experiment reached approximately a common minimum during the 
middle of the day. The same thing occurred in the case of the terminal 
twig portions of the trees at Delhi in both the moist and the dry mUB. 
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It was evideat that more water could not have been removed from these 
tissues under the given climatic and soil moisture conditions. In 
other words, the twigs had reached a certain stage of maturity where 
they resisted loss of moisture below a certain point. Inasmuch as 
this stage of maturity was reached at approximately the same time 
for the trees both in the well irrigated soil and in the dry soil, it seems 
evident that the data presented in this paper have an important 
bearing on a number of questions regarding the relation between 
irrigation and the hardening or maturing of the wood and buds of 
peach trees. It also seems evident from these results that the single 
factor of high soil-moisture content is insufficient to account for 
various types of so-called ''winter injury/' where these troubles 
occur, particularly if the injury seems to be influenced by the imma- 
turity of the new growth of the tree. 

The results presented in this paper indicate a relationship between 
stomatal movement and water content of various tissues of peach 
trees in California, and further, show that this relationship is mark- 
edly influenced by whether moisture is available in the soil or not. The 
general opening of stomata during the early morning hours is rapidly 
followed by a decrease in the water content of the bark and wood 
of the tree. The leaves and succulent twigs show a relatively great 
loss early in the day, and this fluctuation is rapidly propagated back 
to the roots. It may be detected in the root tissues as early as 9 a.m. 
Later in the day when the stomata begin to close, there is an increase 
in moisture content in all parts of the trees. The loss which takes 
place during the mofning and early afternoon is rapidly replenished 
between 3 p.m. and 6 p.m. 

While no data were secured dui-ing the progress of this particular 
experiment upon the actual measuring of transpiration, some were 
obtained on this phase of the question in 1920 while using many of 
the same trees included in the 1924 and 1925 experiments. A study 
of the original notes obtained in 1920 indicates that under similar 
conditions of climate and soil moisture, the curves for stomatal open- 
ing and for transpiration are parallel. Edith Shreve^® has shown 
that a similar relation holds for leaves of Farhimonm miorophylla. 
Transpiration, however, in practically every ease began to decrease 
somewhat before the average time for the beginning of stomatal clos- 
ure. Thus, the present data in connection with those published in 1920 
indicate a relationship between stomatal movement, transpiration and 
moisture content of the various tissues of peach trees. 
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The rapid loss of moisture -which accompanies stomatal opening 
may help to explain why stomata, in many cases, begin to close before 
the light has reached its greatest intensity. Under conditions favor- 
able for maintaining turgidity such as occur during the night, the 
stomata are sensitive to the action of light and probably are controlled 
chiefly by it. Thus, with the coming of daylight, the stomata open 
rapidly. Next, water loss occurs until such time as the guard cells 
or surrounding epidermal cells begin to lose their turgidity. When 
the cells adjacent to the stomata or the guard cells, themselves, are 
no longer turgid, closure of the stomata begins even if light conditions 
are favorable for them to remain open. Thus it seems that light is 
important in bringing about the opening of stomata when the leaves 
are turgid, but when the cells around the stomata have lost sufficient 
water to cause them to lose their turgidity and the guard cells them- 
selves have lost a small amount of moisture, a factor opposing the 
influence of light is introduced which is sufficient to cause the stomata 
to begin to close. 

The sensitive response to changes in stomatal opening or closing 
as shown by corresponding fl,uctuation in the water content of the 
tree tissues seems to furnish additional evidence in support of the 
cohesion theory^ of the rise of water in trees. If the water in the 
conducting tissues of the plant is continuous, as claimed by the sup- 
porters of this theory, the effects of any water loss from the cells 
surrounding the stomatal cavity should be quickly noticeable in the 
adjoining cells and, furthermore, should be rapidly propagated down 
to the roots. Data from well watered trees and from trees in dry 
soil secured for eight successive weeks during the summer of 1925 
show that diurnal fluctuations in water content of the leaves of peach 
trees are propagated down to the roots with remarkable speed. 


SUMMAET 

1. The stomata of peach, prune, and apricot trees reached their 
maximum degree of opening between 9 a.m. and 12 o^clock noon, after 
which they began to close. The greatest closure of stomata in prune 
and apricot trees was observed between 8 p.m. and 11 p.m. 

2. Peach, prune, and apricot trees growing under conditions of 
little or no available soil moisture showed a smaller maximum stomatal 
opening than trees growing in soil containing a supply of available 
moisture. 
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3. Leaves at the apex of vigorous current season’s shoots of prune 
trees growing in moist soil, showed less stomatal opening than older 
leaves farther back on the branch. On the prune trees which were 
suffering for water, all leaves on various parts of the tree showed 
approximately the same small degree of opening. 

4. Stomata on shaded peach trees in moist soil did not reach the 
maximum degree of opening until several hours after those of trees 
in moist soil under open orchard conditions. 

5. The decrease in moisture content which occurs in the leaves of 
peach trees, under California conditions, shortly after 6 a.m. is propa- 
gated backward rapidly and may be detected in all parts of the tree 
as early as 9 a.m. This loss of moisture is partly replenished between 
3 p.M. and 6 p.m. 

6. Decrease in moisture content of various tissues of peach trees 
was observed in many cases before the stomata had reached their 
maximum opening. Keplacement of this loss began in the afternoon 
while the stomata were still open and while climatic conditions were 
still favorable for transpiration. 
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Pig. 1. Width of stomatal opening on prune trees in moist soil and in dry 
soil at Davis, California, July 9, 1925. Temperature and relative humidity are 
shown by light lines in lower left-hand corner. Relative amount of soil moisture 
above the wilting coefficient is shown by solid black column; relative amount of 
soil moisture below hygroscopic coefficient is shown by the unshaded portion. 
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^ Pig. 2. Width of stomatal opening on peach trees in moist soil and in dry 
soil at Davis, California, July 9, 1925. Temperature and relative humidity are 
shown by light lines in lower left-hand corner. ^Relative amount of soil moisture 
above the wilting coelhcient is shown by solid black column; relative amount 
of soil moisture below the hygroscopic eoeffieient is shown by the unshaded 
portion. 
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Fig. 3. Width of stomatal opening on prune trees in moist soil and in dry 
soil at Mountain View, California, August 5, 1924. Temperature and relative 
humidity are shown by light lines in the lower left-hand corner. Relative 
amount of soil moisture above wilting coefficient is shown by solid black 
column; relative amount of soil moisture below the hygroscopic coefficient is 
shown by the unshaded portion. 
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Fig** 4. Witdh of stomatal opening on apricot trees in moist soil and in dry 
soil at Mountain View, California, August 21, 1924. Temperature and relative 
humidity are shown in lower left comer. Belative amount of soil moisture 
above the wilting coefficient is shown by solid black column; relative amount of 
soil moisture below the hygroscopic coefficient is shown by the unshaded portion. 
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Fig. 5. Width of stomatal opening on peach and prune trees in moist soil 
and peach tree in dry soil at Delhi, October 1, 1924:. Temperature and relative 
humidity are shown in lower left corner. Relative amount of soil moisture 
above wiltirg coefficient is shown by solid black column; relative amount of 
soil moisture below the hygroscopic coefficient is shown by the unshaded 
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Fig. 6. Width of stomatal opening on apricot trees in moist soil and in dry- 
soil at Mountain View, September 11, 1934. Temperature and relative humidity 
are shown in lower left corner. Relative amount of soil moisture above the 
wilting coefficient is shown by the solid black column; relative amount of soil 
moisture below the hygroscopic coefficient is shown by the unshaded portion. 
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^ Fig. 7. Width of stomatal opening on prune trees in moist soil and in dry 
soil at Mountain View, California, September 11, 1924. Temperature and 
relative humidity are shown by the light lines in the lower left corner. Belative 
amount of soil moisture above the wilting coefficient is shown by the solid 
black column,* relative amount of soil moisture below the hygroscopic coefficient 
is shown by the unshaded portion. 
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Fig. 8. Width of stomatal opening on leaves on different parts of strong 
shoots and on spurs found on prune trees in moist soil and in dry soil at Davis, 
California, September 15, 1925. Temperature and relative humidity are shown 
at the right. Eelative amount of soil moisture above the wilting coeffieient is 
shown by the solid black column; relative amount of soil moisture below the 
hygroscopic coefficient is shown by the unshaded portion. 
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Pig. 9. Width of stoma tal opening on sliaded peach tree in moist soil and 
unshaded peach trees in moist soil and in dry soil at Davis, California, July 28, 
1925. Temperature and relative humidity are shown in the lower left-hand 
corner. Eelative amount of soil moisture above the wilting coefficient is shown 
by the solid black column; relative amount of soil moisture below the hygro- 
scopic coefficient is shown by the unshaded portion. 
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Fig. 10. Curves showing fluctuation in water content of peach leaves. 
Besults from trees in moist soil shown on the left; from trees in flry soil, at 
the right. The upper curves show results obtained at Davis; the lower, at Delhi. 
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, Ourves showing fluctuation in water content of bark from terminal 

SIX inehes of current season's shoots on peach trees. Besults from trees in moist 
soil are ^own on the left; from trees in dry soil, on the right. The upper 
curves show results obtained at Davis; the lower, at Delhi. 
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Fig, 12. Curves showing the fluctuation in water content of wood from the 
terminal six inches of current season 's shoots on peach trees. Besults from trees 
in moist soil are shown on the left; from trees in dry soil, on the right. %e 
upper curves show results obtained at Davis; the lower, at Delhi. 
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Pig. 13. Carves showing the fluctuation in water content of bark from 
the basal six inches of current season shoots of peach trees. Eesults from 
trees in moist soil are shown on the left; from trees in dry soil, on the right. 
The upper curves show results obtained at Davis; the lower, at Delhi. 
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Fig. 14. Curves showing the fluctuation in the water content of wood 
from the basal six inches of current season ^s shoots on peach trees.^ Results 
from trees in moist soil are shown on the left; from trees in dry soil, on the 
right. The upper curves show results at Davis; the lower, at Delhi. 
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Fig. 15. Curves showing tlie fiuctuatxon in water content of baric from the 
trunk of peach trees. Eesults from trees in moist soil are shown on the left; 
from dry soil, on the right. The upper curves show results obtained at Davis; 
the lower, at Delhi. 
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Pig. 16. Curves showing the fluctuation in water content of wood from 
the trunk of peach trees. Results from trees in moist soil are shown on the 
left; from trees in dry soil, on the right. The upper curves show results 
obtained at Bavis; the lower, at Delhi. 
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Pig-. 17. Curves showing the fluctuation in water content of bark frona 
the roots of peach trees. Sesults from trees in moist soil are shown on the 
left;^ from trees in dry soil, on the right. The upper curves show results 
obtained at Davis; the lower, at Delhi. 
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Fig. 18. Curves showing the fluctuation in water content of wood from 
the roots of peach trees, Eesults from trees in moist soil are shown on the 
left; from dry soil, on the right. The upper curves show results obtained 
at Davis; the lower, at Delhi. 
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mmm. ^ /y/i/t/f of stomata an peach trees /n ctry so/t 
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Fig. 19. Curves showing the behavior of stomata on peach leaves at Davis 
and at Delhi, during August and September, 1925. The leaf samples from 
which the stomatal measurements were made, were taken on the same day the 
samples of wood and bark were secured. 
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SOME RESPONSES OP YITIS YINIPERA 
TO PRUNING^ 

A. J. WINKLEEt 


The practice of pruning vines to develop a desired form and to 
influence fruitfulness is a very old one, and yet it is doubtful if, among 
the necessary operations of grape growing, there is one which is perhaps 
founded on more fallacies or on which so little progress has been made 
during the last century. With only minor modifications, such as the 
location of the desired spur or cane, vinifera vines are pruned today 
much in the same manner as they were by the Eomans. The belief 
that was established among the grape growers of centuries past, that 
winter pruning invigorates the vine, still prevails. 

In 1876 Dr. Guyot^ noted the belief of the vine growers of France 
and elsewhere that ‘ ‘ it is necessary to prune young vines in order to 
repress the sap and strengthen the roots. This belief, however, was 
not limited to the grower, for in 1899 L. H. Bailey^ stated that 
‘^pruning increases vigor.’’ 

Later^ in 1916, he modified this statement, but added that ^'pruning 
must have something of the effect of manure.” In other words, a 

* Bead before the American Society for Horticultural Science at the Kansas 
City meetings of the American Association for the Advancement of Science, 
December, 1925. 

t The writer wishes to acknowledge his indebtedness to Prof. P. T. Bioletti, 
who planned this investigation and directed the original plantings of Muscat 
and Monukka and who has given many helpful suggestions and criticisms as 
the work has progressed. 

1 Guyot, Dr. J. Etudes des Yignohles de Prance, 2d. ed. 3:621. Paris, 1876. 

2 Bailey, L. H. The pruning book, 2d ed., p. 15. The Macmillan Go., K. T., 
1899. 

3 BAIiiE.Y, L. H. The pruning manual, 18th ed., p. 12, 1916. 
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stimulating or invigorating effect. In 1924, Hedrick^ recommends 
that ' 'the weaker the plant the more the vine should be cut,’’ and that 
"the severe pruning of the first two years of the vine’s existence is 
an example of ''pruning for wood,'’ that is, of strengthening the vine. 

On the other hand, Dr. Guyot^ pointed out fifty years ago that 
"every cut . . . made with the pretense of strengthening the vine 
and its roots is contrary to the object in view and that "the greater 
and the more frequent this mutilation the more depressing on the 
present and future vitality of the vine.” Foex® also in 1895 stated 
that "the activity of vegetation in a plant is . . . all other conditions 
being the same, the greater, the larger the number of leaves it carries.” 

The cause of these inconsistencies seems to be a lack of clear defini- 
tion and uniform use of terms, especially of the term vigor. This word 
is sometimes used q'lialitafively in the sense of "activity” and 
sometimes quantitatively in the sense of "capacity for action.” A 
young vine may show great vigor in the qualitative sense of activ- 
ity,” and yet its vigor in the quantitative sense of "capacity for 
action,” i.e., for growth and production, may be much less than that 
of an old and relatively inactive vine. Similarly if we prune a vine 
severely, we reduce the number of shoots the vine produces and these 
shoots may be more vigorous than the shoots of a lightly pruned vine. 
The vine will appear more vigorous, but in the quantitative sense, it 
has ^ ' less capacity for action, ’ ’ 

In this paper the following definitions are understood : 

Vigor. — The quality of making active growth. 

Capacity. — The quantity of action in respect to growth and pro- 
duction of which the vine or part of the vine is capable. 

Mass and vigor are therefore factors of capacity. 


OBJTJOTS OF THE mVESTIOATION 

The objects of this investigation are to determine (1) the effect of 
dormant pruning of the vine on vigor and capacity, (2) the effect of 
crop on vigor and capacity, and (3) the effect of dormant pruning on 
crop, 

^ Hedeick, it, P. Haniial of American grape growing, p. 112. Macmillan Oo., 

Y., 102^. 

5 Op. cU. 3:620, 622. 

Q FotXj G. Goars complet de viticulture, 4th ed., p. 870, Montpellier, 1895. 
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PLAN OP THE PLANTINGS 

The plantings comprised three varieties — ^Muscat, Monukka, and 
Alicante Bouschet. With the Muscat and the Monukka the pruning 
treatments extend along the rows, and these rows are broken up into 
four plots by different distances of planting. In two plots planted 
6 X 12 feet there are seven vines of Monukka and eight vines of Muscat, 
and in two plots planted 12 x 12 feet there are four vines of each 
variety under each type of pruning. This planting plan is shown in 
figure 1. The Alicante Bouschet plantings (12x12 feet) are divided 
into two plots with eight vines under each type of pruning in each 
plot. 


12 3 — 71net Cheolt 7iiiM . » 19 25 



Pig. 1. The planting plan for Monukka and Muscat. 


The vines are planted in a Yolo-Fine-Sandy-Loam soil of unusual 
depth and uniformity. The land was leveled before planting to facili- 
tate irrigation. 

DEFINITION OF METHODS OR TYPES OF PRUNING USED 

1. Nort’prumdj no crop. No pruning. All hunches removed 
before blooming. 

la. Non-pruned, part crop. No pruning. All bunches in excess 
of the number of bunches on the normally pmmd^ aU 
crop (2b) vines at the time of thinning removed before 
blooming. 
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1Z>. N on-pruned, all crop. No pruning. All bunches allowed to 
develop. 

2. Normally pruned, no crop. Pruning as nearly as possible in 

aecoi'd with the best accepted commercial practices of 
pruning these varieties.^ All bunches removed before 
blooming. 

2Z>. Normally pruned, all crop. Pruned the same as the normally 
pruned, no crop (2). All bunches allowed to develop. 

3. Severely pruned, no crop. Pruning similar to that of the nor- 

mally pruned vines, but more severe, only the base buds 
being retained on the spurs. All bunches removed before 
blooming. 

3&. Severely pruned, all crop. Pruned the same as the severely- 
pruyied, no crop (3). All bunches allowed to develop. 


THE EPEECT OF PRUNING ON VIGOR AND CAPACITY 

Since the different types of pruning were started at the end of the 
first growing season, the Muscat and Monukka vines have passed 
through four seasons and the Alicante Bouschet through two seasons 
of growth. In order to start with vines as nearly uniform in shape as 
possible all plants were cut back to two buds at the end of the first 
growing season, and all growth of the second season was forced into 
one cane which was selected to form the permanent trunk of the vine. 
The vines were all treated alike during the first and second seasons, 
except that the canes selected for the trunk in the case of the normally 
and severely pruned vines during the second season were pinched 
back after their length had exceeded the desired length of trunk by 
12 to 18 inches. The selected cane in the ease of the non-pruned vines 
was not pinched. 

At the present time none of the Muscat, Monukka or Alicante 
Bouschet vines have been removed ; hence the differences in vigor and 
capacity here reported are of necessity represented by such measure- 
ments as can be made on the vine in situ. Data have been collected 
on the relative circumference increase of individual vines, the time 
of starting, the rate and the total length of cane growth and the 
number of leaves per vine for five representative vines in each of the 
Muscat and Monukka plots. 

■ 5 BioLmm, F. T., and Jacob, H. B. Head, cane and cordon pruning of vines. 
California Agr. Exp. Sta. Oixe. 277:1-32. 1224. 
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Trunk increase . — The effect of the different methods of pruning 
on the yearly relative increase in and total circumference of trunk 
are illustrated by table 1, which gives the figures for the Monulrka. 
The graphs of figure 3 show the area of cross section of trunk at the 
end of each year for the Monukka and Muscat.* 



Fig. 2. Muscat vines showing the different types of pruning. A — Sevei'ely 
pruned. B — Normally pruned. C-— Non-pruned. 

The figures of table 1 indicate the influence of pruning on circum- 
ference increase and also show the consistent manner of the response. 
There has been no overlapping in the amount of increase under the 

’ * Although the Monukka has shown a greater vigor each year since 192^ than 
the Muscat, the ratios of increase in circumference for each season and the ratio of 
length growth during 192$ have been nearly the same that the directioh’ of the 
graphs on figures 3, 4. and 6 are not altered by plotting the average for tho two 
varieties. 
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different treatments in either of the varieties used. (See also table 3 
for figures on Muscat.) 

When treated statistically as, e.g., by Student's 31ethod, the non- 
pmned no crop Monukka and Muscat vines show odds of 30.4:1, 
17.5:1, and 70.4:1, 21.9:1 respectively that the smaller circumference 
increase of the normally and seve^^ely pruned no crop vines is a result 
of the pruning. No doubt some of these odds, as such, may be con- 
sidered as barely significant. However, since the indicated response to 
pruning as shown by the circumference increase has in all cases been 
in the same direction it is fair to conclude that all of these data may 
be considered as significant. 


TABLE 1 

The Effect of pEmnNG on ihe Yearly and Total Circumference Increase of 
Monuhka. (In centimeters.) 


Meaflurements 

Severely pruned 
No crop 

Normally pruned 
No crop 

Non-pruned 

No crop 

Circumference at end of 1921* 

2 9d=.12 

2.9±.13 

2.9=t:.15 

Circumference increase during 1922 .. .. 

3.9±.15 

4.0±.12 

4.2=b.28 

Circumference increase during 1923 , . 

4 7±.16 

5 6=t: 09 

6.3db.l7 

Circumference increase during 1924. 

3 5±.21 

3.8±.12 

5 Orb. 26 

Circumference increase during 1925 . ... 

I 2.5±.19 

2.8±.17 

3.2=b.21 

Circumference at end of 1925 

17.5=fc.32 

19.1d=.56 

21.6rb.38 


* Before the different types of pruning were used on any vines. 


The regularity of the response to pruning is further shown in the 
graphs of figure 3. The average total circumference at the end of 
the years 1923, 1924 and 1925 for the several varieties under test 
which are plotted in figure 3 show an increase in favor of the non^ 
pruned vines of 16.3, 16 and 16.8 per cent respectively over that of 
the severely pruned, and of 5.7, 8.4 and 12.3 per cent respectively 
over that of the normally pruned vines. 

Length growth . — ^The effect of method of pruning on the time or 
rate of growth and on the total length growth during an entire season is 
indicated by figure 4. These graphs indicate the average total length 
of growth of both canes and laterals at four periods during the season 
of 1923 for five vines each of Muscat and Monukka. 

The graphs of figure 4 indicate that the method of pruning not only 
the of total length growth that a vine will make 

but that it modifies both the time of leafing out and the rate of 
growth. The imp<ui;ance of this influence is seen when the amount of 




June, 1926] Wioikler: Some Besponses of Vitis vinifera to Pruning 








532 


Milgardia 


[VoL 1, No. 20 


length gro^i:ii found at the several dates of measurement is taken into 
account. On May 13th the non-pruned vines had made 53 per cent 
of the total season's length growth, while the normally pruned and 
severely pruned vines had made only 17.5 and 10.9 per cent respec- 
tively. Then again, by May 13th the non-pnmecl vines had made as 
much length growth as the normally pruned vines made by July 1st 
and 81 per cent as much length growth as the severely pruned vines 
made during the entire season. 

Number of leaves . — During the season of 1925 the leaves on five 
representative Muscat vines under each of the pruning treatments 
were counted on May 15th, June 24th and October 15th. These counts 
together with the relative total weight of leaves are plotted in figure 5. 

In view of the importance of the total leaf area of a plant and the 
time during which the leaves function, the differences in the number 
of leaves per vine and the date of their appearance as shown in figure 5 
is. of considerable interest. As illustrated by the graphs, the non- 
primed vines had produced more leaves at the time of the first count, 
on May 15th, than the normally or severely pruned vines produced 
during the entire growing season. The rate of increase in the number 
of leaves per vine for the remainder of the season was also greater 
for the non-pruned than for the normally or severely pruned vines. 

A question which arises as a result of the great differences in the 
number of leaves per vine obtained under the several treatments is 
that of relative area or weight of the individual leaves. No leaf area 
measurements have been made, but the weight of a considerable num- 
ber of leaves taken from similar positions on vines under the different 
treatments were determined during 1925. The relative weight of 
leaves perhaps give a better comparison than the number. This is 
well shown by the graphs on figure 5. The weight and number of the 
leaves of the normally pruned vines was used as a basis for the 
comparison. The difference in weight is somewhat less than the differ- 
ence in number, but the great importance of the influence of pruning 
on the production of leaves is still evident. 

Young vines . — Since all the Muscat, Monukka and Alicante Bouschet 
vines were treated alike during the first two years in the vineyard, they 
offered no information as to how newly established rooted vines respond 
to pruning. To determine this, four hundred selected cuttings each 
of Petite Sirah and Gros Colman were planted in parallel rows in a 
uniform soil. Practically every one of the cuttings rooted ; hence by 
removing every other rooting at the end of the first season a uniform 
spacing of eighteen inches by six feet was obtained. The rootings of 
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each variety were then divided into twenty plots of ten vines each. 
The vines of one-half of the plots were pruned back to two buds while 
those of the others were not primed. Circumference measurements 
of all the vines and weighing of the primings of the vines cut back to 
two buds were made at the end of the first season. At the end of the 
second season all the vines were removed and final weighings and 
measurements made. The data collected during the two seasons are 
given in table 2. 
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Fig. 5. The effect of pruning on the number and weight of leaves. 


The figures of table 2 show that the omission of pruning of one 
year old Petite Sirah and Gros Colman vines resulted in a relative 
circumference increase of 19.0 and 35 per cent respectively greater 
than that of vines pruned back to two buds. Likewise, the average 
diameter of the roots of the noi%-prmed vines was 16 per cent greater 
than those of pruned vines in case of Petite Sirah and 22 per cent in 
that of Gros Colman. The number of roots per vine was only slightly 
influenced by the pruning treatment. 
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The total top growth for the no%-pruned vines was 35 per cent 
greater than that for the pruned vines in case of Petite Sirah and 79 
per cent in that of Gros Colman. There was also an increase in the 
production of reducing substances and starch by the non-pruned vines 
of 56 per cent in Petite Sirah and of 99 per cent in Gros Colman. 


TABLE 2 

The Effect of Pruning on the Vigor of Young Vines. 


i 

Gros Colman 

Petite Sirah 

Measurements 

Pruned back 
to two buds 1 

Non-pruned 

Pruned back 
to two buds 

Non-pruned 

Circumference of trunk at end of 
first year* 

4 2 cm. 

4. 1 cm 

3.8 cm. 

3 9 cm. 

Circumference of trunk at end of 
second year 

5.9 cm. 

7.2 cm. 

5.5 cm. 

6.4 cm. 

Per cent of increase in circumfer- 
ence of trunk 

40.5 

75 5 

45 0 

64 0 

Average number of roots at end of 
second year 

10.8 

11 3 

10 0 

10.4 

Average diameter of roots 2-3 
centimeters from base 

4.5 mm. 

5 5inm. 

5.6 mm. 

6. 5 mm. 

Average weight of top at end of 

first year 

Average weight of total top 
growth at end of second year 

29.1gr. 

214. Ogr. 

434. Ogr. 

27.2gr. 

269.0 gr. 

1 400. Ogr. 

Average weight of reducing sub- 
stances and starch at end of 
second yearf 

i 

34 9 gr. 

69.4gr. 

33.3gr. 

52. Ogr. 


* Before pruning had been used on any vinOe. 

t The samples (wood taken from all the vines under a single treatment) were collected and imme- 
diately dried in a forced draught oven at 70® C. The collected material was then ^ound and a 6-gram 
sample used for analysis. For the reducing substances the extraction was made w’ith 96 per cent alcohol, 
while the starch was hydraliaed with taka-diastase. The reductions were carried out according to the 
Shaflfer-Harfmann method, 

THE EFFECT OF BEABIISTG OS VIGOR ASO CAPACITY 

In the past it has been the conviction of grape growers that over- 
bearing was solely responsible for the weakening of healthy vines. Pqr 
this reason a weak vine has always been severely pruned to revive its 
vigor by diminishing the crop and by the supposed invigorating influ- 
ence of the heavy pruning. '* % 

It may be assumed that fruit bearing, at Je^l^yond some limit, is 
weakening. It is therefore interesting to in^u^e how this weakening 
effect compares with that just shown to f oEow pruning. To determine 
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this effect measurements have been made of the relative circumference 
increase of vines with and witliout crop under the different methods 
of pruning. The yearly relative increase in circumference for the 
normally and non-pruned Muscat vines with and without crop is given 
in table 3. 


TABLE 3 

The Effect of Ceop Prodttction oh the Yeaeuy and Total Ciectjmfeeehce 
Increase of Muscat. (In centimeters.) 



Normally primed 

Non-pruned 

Measurements 

No crop 

All crop 

No crop 

Part crop 

All crop 

Circumference at end 

of 1921* 

Circumference increase 

2.1±.15 

2.0± 12 

2.0±.ll 

2.1±.10 

2.2=fc.l2 

during 1922 

Circumference increase 

4.1± 26 

4.2±.12 1 

4.7±: 23 

4.2±.24 

4 4± 16 

during 1923 

Circumference increase 

4.5±.18 

3.ad=.13 ! 

5.1±.13 

3.9±.ll 

3 2=t.l6 

during 1924 

Circumference increase 

3 3=fc.22 1 

2.8d=,13 

i 

4 2±.24 

3.1=1= IS 

1.9=h.l2 

during 1925 

Circumference at end 

2.7±.13 ' 

2.1±.17 ' 

2 9=fc,15 

2.4=b.l2 

2.2=1=. 15 

of 1925 

16.7±.53 

14.7=h.36 

18,9±.29 

15.7=fc.36 

13.9±.22 



Pig. 6. The effect of bearing on the increase of area of cross section of trunh. 


The average cir^roaference at the end of each year for all of the 
pruning treatments m the Muscat and Monutka vines with and 
without crop are illu^ated by the graphs in figure 6. 

The figures of table 3 show a regular falling off in the relative 
circumference increase of’ the vines with crop as compared with the 
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vines under the same method of pruning without crop. It might also 
be stated that the data indicate a rather direct dropping off in pro- 
portion to the amount of crop produced where the pruning is identical, 
as under the non-pruned vines. The depressing effect of bearing on 
circumference increase, however, has not been the same with the dif- 
ferent pruning treatments. This is shown by a comparison of the 
figures for the iiormally pruned vines with and withmct crop and the 
non-pruned part crop vines in the above table and more clearly by 
the graphs of figure 6 and the ratios shown in table 4. 

TABLE I 

The Batios of Circtoference Increase and of Crop op the Severely Pruned 
AU Crop AND THE Normally Pruned All Crop to the 
Non-pruned Part Crop Vines 


Year 

Severely pruned to non-pruned 

Normally pruned to non-pruned 

Circumference 

increase 

Crop 

Circumference 

increase 

Crop 

Muscat 1923 

1:1 04 

1:3 60 

1.1 07 

1:2.16 

1924 

1:1 22 

1:4 38 

1:1 09 

1:1 86 

1925 . 

1:0.95 

1:3 69 

1:1 16 

1:2 55 

Average .. 

1:1 07 

1:3 89 

1:1 11 

1:2 19 

Monukka 1923 

1:1.3 

1:10 7 

1:1.16 

1:1.06 

1924 

1:1 4 

1*63 2 

1:1 36 

1:2 75 

1925 

1:0.9 

1:59 0 

1:1 20 

1:0.95 

Average 

1:1.2 

1:44.3 

1:1 24 

1:1.59 


The graphs of figure 6 show that by the end of the 1925 season the 
non-pruned pari crop vines had made ahnost the same amount of total 
circumference increase as the normally pruned no crop, and 11.9 per 
cent more increase than the normally pruned all crop vines, despite the 
fact that they had each year (1923, 1924 and 1925) produced average 
crops of from 40 to 138 per cent greater weight than the latter. By 
comparing the non-pruned part crop vines with the severely pruned, 
where there is still a greater difference in the amount of crop produced, 
the figures show a relative circumference increase of 3.5 per cent 
for the non-pruned part crop over that of the severely pruned no crop 
vines and an increase of 16.7 per cent over that of the severely pruned 
with crop vines. Even the non-pruned all crop vines which have home 
from 10.4 to 20.7 times more crop each year have made as great a 
yearly circumference increase as the severely pruned all crop vines. 
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The ratios of table 4 appear to further emphasize the greater 
capacity of the non-pruned as compared to the p7^%t-ned vines. Despite 
an average yearly production in Muscat of 3.89 and 2.19 times more 
crop respectively than the sevei'ely and normally pruned vines, the 
non-pruned pmd crop vines made a greater yearly average circumfer- 
ence increase. In Monukba the ratio of crop production between the 
non-pruned part crop vines and the normally pruned is comparatively 
small (1.59:1), but it is much greater when the comparison is made 
with the severely pruned vines (44.3:1), while the ratio for circum- 
ference increase is still in favor of the non-pruned vines. 


THE EFFECT OF PEUNING OH CROP 

The Muscat and Monukka vines produced their third and the 
Alicante Bouschet vines their first crop of fruit during 1925. In 
recording the influence of pruning on production of crop, account 
ha^ been taken of yield, weight of bunch, length of bunch, number of 
normal berries to a bunch, per cent of normal berries to a bunch, and 
the germination of pollen. 

Yield . — Records of crop have been kept for each vine. The average 
crop per vine for each year is given in table 5. 


TABLE 5 

The Effect of Pruning on Yieli>. (Crop in kilograms.) 


Variety 

Year 

! Severely 

pruned 

Normally 

pruned 

Non-pruned 
part crop 

Non-pruned 
all crop 

Monukka 

1923 

75 

7 58 ± 58 

8.05±1,01 

7.49± .60 


1924 

.12 

2 76± 67 

7 58i 53 

21.60± .87 


1925 

.27± 16 

16.75±1 4 

15.92dz .52 

35.52± .58 

Muscat. 

1923 

2 51± 27 

3.56=t.37 1 

7 68± .41 

15 84± .54 


1924 

1.68± 23 

3 96±.64 

7.36=h .32 

15.72± 65 


1925 

6.15±.56 

7.44d=.85 

18.99db 841 

35.45±1,1 

Alicsinte Bouschet. . 

1925 

2.36± 25 

7.9 ± 76 

18.05i: .93 

22.5 ± .55 


The influence of pruning on yield of fruit has been very consistent. 
The only apparent exception is the Monukka in 1924 when frc^t 
injury was responsible for the very small crop on the normally pruned 
vines and perhaps indirectly responsible for the rather large yield of 
these vines in 1925, which is in sharp contrast with the Muscat in 
the same year when the non-pruned part crop vines bore more than 



538 


S'ilgardia 


[Yol. 1, No. 20 


f 

twice as mucli as the normally pruned vines. Although the Monukka 
has not responded to pruning so much as the Muscat and Alicante 
Bouschet, the difference in yield in favor of the non-prnned vines has 
been considerable. In the case of the Muscat the non-pruned part crop 
and the non-pruned all crop vines have produced approxinaately two 
and four times respectively more crop each year than the normally 
pruned vines. The response of the Alicante Bouschet has been even 
more pronounced than that of the Muscat. 

In spite of the greater yield, the fruit of the non-pruned part crop 
vines for each of the varieties under test has shown a slightly higher 
sugar content (by Balling hydrometer) than that of the normally 
pruned vines. In case of the^ non-pruned all crop vines where the 
crops have been very heavy, as might be expected, the sugar content 
has been lower. However, a four-fold increase in the crop on these 
vines over that of the normally pruned vines has resulted in a lower 
sugar content of only two to four degrees Balling. 

Weight of hunch , — At harvesting, all the bunches on six of the 
Muscat and eight of the Alicante Bouschet vines under each type of 
pruning were weighed. The average weight of a bunch on the Monukka 
vines was also determined. The figures on weight of bunch are shown 
in table 6. 

TABLE 6 

The ErrECT o®* Prtjniitg on the Weight of Bunch. (In grams.) 


Variety 

Year 

Severely 

pruned 

Normally 

pruned 

Non-pruned 
part crop 

Non-pruned 
all crop 

Moaukka 

1923 

640 

660 

610 

490 


1924 

113 

291 

364 

177 


1925 

40 

257 

398 

170 

Muscat 

1923 

203±8.1 

213=b8.8 

520=bl0.8 

176=1=6.0 


1924 

116=fc5,9 

140±4.6 

523=1= 9.3 

179=1=6.8 


1925 

166=b8.5 

143^6. 9 

554=1= 7.9 

152=fc8.6 

Aiieante Bouschet, 

1925 

163d=8.9 

203il9 

316d=10.5 



The figures of table 6 indicate a very striking increase in size of 
bunch on the non-pruned vines where the crop was controlled by thin- 
ning. This increase is greatest in the Muscat where the average weight 
of bunches of the non-pruned part crop vines averaged 224 per cent 
greater than those from the normally pruned vines. It is of interest 
to note that this increase in weight of bunch in the non-pruned poH 
crop Mus<^ vines was obtained despite the fact that the average crop 
on these vines for ihrte years has been from 85 to 165 pQt cent 
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greater than that of the normally pruned vines. A similar though less 
marked increase in the weight of the bunches of the non-pruned part 
crop vines is shown for the Monukka and the Alicante Bouschet. The 
mean weight of the bunches for all of the crops on the non-pruned 
all crop vines has been greater for each variety than that of the 
bunches of the severely pruned and almost as great as that of the 
normally pruned vines. There is evidently an inverse relation between 
size of crop and size of bunch as shown by comparing the non-pruned 
all crop vines with the non-pruned part crjop vines. Yet in spite of 
the fact that the non-pruned all crop Muscat and Monukka vines 
produced more crop each year (410 per cent for the whole period) 
than the pruned vines, the size of bunch was reduced only 10 per cent. 

Length of lunch . — The length of the individual bunches on six of 
the Muscat and eight of the Alicante Bouschet vines in each plot was 
measured. The length taken was from the tip of the bunch to the 
attachment of the peduncle with the cane. The data on length of 
bunch are given in table 7. 


TABLE 7 

The Effect op Prcking on Length of Bunch. (In centimeters.) 


Variety 

Year 

Severely 

pruned 

Normally 

pruned 

Non-pruned 
part crop 

Non-pxuned 
all crop 

Muscat 

1924 

19,3±.05 

19.8±.04 

28.7±.02 

18.0±.02 


1925 

18.5db.07 

18.0=t.02 

27.7d=.01 

17.0±.02 

Alicante Bouschet... 

1925 

12.2=h.03 

13.0±.02 

18.3±.01 



The figures of table 7 show 50 per cent greater length of bunch on 
the non-pruned part crop Muscat vines than on the normally or 
severely pruned vines. The corresponding difference for the Alicante 
Bouschet was 40 per cent. The bunches of the non-pruned all crop 
Muscat vines were slightly shorter than those of the normally pruned 
vines. 

The importance of this increase in length of bunch on the non- 
pruned part crop vines becomes significant when it is considered that 
the bunches of these vines were no more compact than the average 
bunches of the normally pruned vines, although they contained more 
and larger berries. 

NmfAer cmd per cent of normcd lerries . — It is an observation of 
Jong standing in all countries where the Muscat of Al^sandria is 
grown that this variety is very subject to coulure (Celling) and 
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millerayidage, the production of small seedless (shot) berries. Although 
this defect varies greatly in different sections of the state and in 
different seasons, its economic importance as a factor in grape pro- 
duction was among the first to receive the attention of the Experiment 
Station. Its appearance in serious proportions among the plantings 
of Muscat in the early days of grape planting on the Southern Mesas 
was brought to the attention of Professor Hilgard.® He recommended 
the use of fertilizers to ameliorate the trouble, but this proved ineffec- 
tive, and at present there are few Muscats grown in these particular 
localities. 

In following up the effect of pruning on the number of normal 
berries to a bunch, counts of the normal and of the total number of 
berries were made on all the bunches of six of the Muscat vines imder 
each treatment. The average percentage of normal berries to a bunch 
was then calculated from the number of normal and total berries. The 
counts of normal berries to a bunch and the per cent of normal berries 
are given in table 8. 


TABLE 8 

The Effect of Pruxing on Number Per Bunch ani> Per Cent op Normae 

Berries in Muscat. 


Normal berries 

Year 

Severely 

pruned 

Normally 

pruned 

Non-prunecl 
part crop 

Non-pruned 
all crop 

Number to a bunch.. 

1924 

32±1.6 

37±1.1 

119=t2 1 

5Sd=l 9 


! 1925 

42±1 8 

34±1.4 

140±2 4 , 

57=t:2.9 

Per cent of total ... 

1924 

47 

68 

95 

78 


^ 1925 

65 

69 1 

1 

96 

1 

93 


The data indicate an increase of 221 and 311 per cent respectively 
for the years 1924 and 1925 in the number of normal berries to a 
bunch on the non-prmed part crop vines over that of the normally 
pruned vines. These differences are just as great when comparisons 
are drawn between the non-pruned part crop and the severely pruned 
vines. A similar but somewhat less marked increase is shown for the 
non-prumd all crop vines. 

The data of table 8 appear to substantiate Professor Hilgard’s 
belief that the setting of shot berries is the result of an unbalanced 
nutrition. What he had hoped to do with mineral fertilizers, but 

® Bii^ARi>y E. W* The Muscat Grape on the Southern Mesas. California Aer, 
17, t88L . ® 
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failed, is possibly accomplished by an increase in the carbon assimila- 
tion due to the larger leaf area of the non-prtined vines. This indica- 
tion is further substantiated by the fact that the second crop, the 
bloom for which develops in mid-season when the vine is in full leaf, 
usually sets normal berries, however prone the variety may be to set 
shot berries in the primary erop. 

Germination of pollen . — The germination tests were made in hang- 
ing drops and on sugar agar agar media. The best germination was 
obtained in 15 and 20 per cent sucrose solutions. The figures of table 
9 represent the average of a number of tests in both 15 and 20 per cent 
sucrose at 27° to 30° C. 


TABLE 9 

The Effect of Pruning on the Germination op Pollen. (In per cent.) 



Severely 

Normally 

Non-pruned 

Non-pruned 

Variety 

pruned 

pruned 

part crop 

all crop 

Muscat 

7 8 

8 0 

54 6 

42.0 

Monukka 

17 3 

17,6 

58 2 

47.6 


The data of table 9 indicate that both severe and normal pruning 
decreased the germinative power of pollen of Muscat 81 per cent, and 
that of Monukka 63.5 per cent, if we take the pollen of the 7y>n- 
pruned all crop vines as a standard. The removal of part of the 
blossom bunches before blooming on the non-pruned part crop vines 
further increased the germinability of the pollen so that the pollen 
from these vines gave a germination of 30 per cent for Muscat and 
22 per cent for Monukka greater than the standard taken. 


SUMMARY AND CONCLUSIONS 

Dormant pruning reduces capacity, — 

1. A depressing effect on capacity made itself manifest in a smaller 
circumference increase, total length growth and production of leaves 
by the pruned vines than by the unpruned. 

2. The total top growth of one year old vines was decreased by 
pruning froin 25 to 50 per cent. The percentage of reducing sub- 
stances and starch was not altered in the dormant wood of one year old 
vines by the omission of pruning. 
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Bearing reduces capacity less than pruning. — 

3. The retardation of circumference increase as a result of bearing, 
as shoTna by the production of three crops, ay as less than that of 
noiunal or severe pruning. 

4. The data indicate a retardation of circumference increase some- 
what in proportion to the amount of crop where the pruning was the 
same. This retardation in circumference increase, however, has not 
been the same with the different pruning treatments. 


Non-pruned vines produce more fruit. — 

5. The non-pruned part crop and the non-pruned all crop Muscat 
vines have produced from two to four times more crop, respectively, 
than the normally pruned all crop vines. This difference in yield 
with the Monukka has been less marked, while with the Alicante 
Bouschet the difference has been even greater than with the Muscat. 


Non-pruned part crop vines produced better fruit, — 

6. The non-pruned part crop vines produced grapes of normal 
sugar content. The increase in the weight of crop has decreased the 
sugar content of the fruit in the non-pruned all crop vines. 

7- Despite the great increase in yield, the weight of bunch from 
the Tion-pruned part crop vines was increased from 1 6 to 224 per cent 
respectively for Monukka and Muscat over that of the normally and 
severely pruned vines. The weight of the bunch from non-pruned 
dll crop vines has been only slightly less than that of the bunches 
from the normally and severely pruned vines. 

8. The bunches from non-pruned part crop Alicante Bouschet and 
Muscat vines have averaged 40 to 50 per cent respectively longer than 
those from the normally pruned vines. 

9. In Muscat there was an increase of 220 and 310 per cent respec- 
tively for the years 1924 and 1925 in the number of normal berries 
to a bunch on the non-pruned part crop vines over that of the normally 
pruned vines. The increase shown is just as great when the compari- 
son is made with the severely pruned vines, 

10. During the same seasons (1924 and 1925) the normal berries 
to a bunch was 68 and 69 per cent on the normally pruned vines and 
95 and 96 per cent on the non-pruned port crop vines. 
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